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Childhood obesity has been declared the most important public health issue of the 21st 
century by the World Health Organization. In the United States, the prevalence of obesity 
among children aged 2-19 years increased three-fold in the past forty years. In recent years, 
this prevalence has begun to plateau and even decrease among preschool-aged children. For 
example, in Los Angeles County, obesity prevalence among low-income 4-year old children 
reached a peak of 22.4% in 2009 and then decreased to 20.3% in 2011. However, a recent 
report showed that this trend was not experienced uniformly across the county and that obesity 
rates have not abated in some of the poorest neighborhoods. The goal of this dissertation was 
to evaluate the contribution of socioeconomic factors, at both household and neighborhood 
levels, to these varying neighborhood trends in obesity rates among low-income children, ages 
2-5 years, in Los Angeles County.  
Three separate but related studies were conducted. The first study examined trends in 
early childhood obesity by household and neighborhood socioeconomic characteristics over 12 
 iii 
years (2003-2014). The study used administrative data from children, ages 2-5 years, 
participating in the Special Supplemental Nutrition Program for Women, Infants and Children 
(WIC, the second largest federal nutrition assistance program in the country) in Los Angeles 
County. While childhood obesity rates increased until approximately 2008, a decreasing trend 
was observed beginning in 2010/2011, a time that coincides with the end of the 2008/09 
economic recession. However, the trends varied by socioeconomic indicator, child’s age, and 
child’s race/ethnicity with obesity rates among children in some higher SES groups back to 2003 
levels, while obesity rates among children in some lower SES groups higher than 2003 levels. 
Using the same administrative data, the second study built on the first study by 
determining whether disparities in early childhood obesity rates by socioeconomic factors have 
widened in the years following the economic recession when compared to the years prior to the 
recession. Logistic regression analyses examined whether the time period modified the effect of 
the socioeconomic factor on early childhood obesity. We found that disparities in early childhood 
obesity by household-level socioeconomic factors widened for children, although the results 
varied by child’s age. Disparities in early childhood obesity by household education widened for 
2- and 3-year-old children and remained the same for 4-year-old children. Disparities in early 
childhood obesity by household income widened for 3- and 4-year-old children. The disparities 
in early childhood obesity by neighborhood-level socioeconomic factors (median household 
income and share of residents living in unaffordable housing, a major source of family financial 
strain) did not change between the two time periods.  
The third study investigated the contribution of this source of family financial strain – 
unaffordable housing – to early childhood obesity risk and investigated the potential 
mechanisms involved. The study used survey data gathered from a random sample of WIC 
families living in Los Angeles County in 2011 and 2014. Analytic procedures included 
multivariate linear regression and mediation analyses. Unaffordable housing increased the risk 
of early childhood obesity and household size was found to modify the effect of unaffordable 
 iv 
housing on early childhood obesity. Unaffordable housing, however, was not found to increase 
adiposity in growing children and mother’s mental health, and child’s diet and sedentary 
behavior were not found to be mechanisms of this relationship.  
Findings of these three studies contribute to the knowledge and understanding of the 
mechanisms by which socioeconomic factors and financial strain influence growth and obesity 
risk in young children from lower income communities.  
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CHAPTER 1: INTRODUCTION 
Childhood obesity is a major public health problem in the United States. Seventeen 
percent of American children aged 2 to 19 years, and 8.4% of children aged 2-5 years, are 
obese (Ogden et al. 2014). Reducing obesity risk during childhood is a public health priority. 
Children who are obese are more likely to have poor mental and physical health and become 
obese as adults, increasing their risk for chronic diseases (Freedman et al. 2001, Guo and 
Chumlea 1999, Lobstein, Baur and Uauy 2004).  
Energy imbalance is the direct biological cause of obesity leading many interventionists 
to focus on factors that are proximally related, namely, diet and physical activity behaviors (Hill 
2006, Institute of Medicine 2013). However, as described by Swinburn and others (Lake and 
Townshend 2006, Popkin 2006, Swinburn et al. 2011, Swinburn, Egger and Raza 1999), 
changes in the macroenvironment (e.g. food, transportation and health-care systems) and 
microenvironment (e.g. homes, workplaces, schools, neighborhoods) have created an 
‘obesogenic’ (obesity-promoting) environment in many industrialized societies. In the United 
States, which has one of the highest obesity rates in the world, fast food restaurants and small 
grocery stores that carry mostly or only non-perishable processed foods are found more 
frequently in lower income communities (Block, Scribner and DeSalvo 2004, Lovasi et al. 2009, 
Moore and Diez Roux 2006). At the same time, high crime rates, often experienced by poor 
communities in the United States, discourage outdoor activities such as walking on the streets 
or allowing children to play outside.  These disparities in obesity-promoting features of the 
environment between higher and lower income communities are reflected in the higher rates of 
obesity in lower income communities in the United States.  Indeed, a growing body of literature 
strongly supports the role of social factors in determining obesity risk. Referred to as social 
determinants of health, family income, race/ethnicity, economic hardship and neighborhood 
socioeconomic characteristics are considered fundamental causes of health (Braveman, Egerter 
and Williams 2011, Link and Phelan 1995, WHO CSDH 2008, Wilkinson and Marmot 2003) and 
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have been linked to increased mortality and morbidity (Braveman et al. 2010, Diez Roux and 
Mair 2010, Elo and Preston 1996, Galea et al. 2011, NCHS 2012, Williams and Sternthal 2010, 
Winkleby and Cubbin 2003). 
This dissertation attempts to contribute to the small but growing body of literature on the 
role of social determinants of health in obesity development, specifically in early childhood, the 
period of life when public health intervention may reap the greatest benefits in reducing obesity 
prevalence for the nation as a whole. In particular, data obtained from 2-5-year-old children 
enrolled in the Special Supplemental Nutrition Program for Women, Infants, and Children (WIC) 
in Los Angeles County from 2003 to 2014 was used to:  
 
(1) Examine the trends in preschool-aged obesity prevalence by household and 
neighborhood socioeconomic characteristics over this 12-year period; 
(2) Determine whether household- and neighborhood-level socioeconomic 
disparities in childhood obesity rates have changed over time; and 
(3) Investigate the contribution of unaffordable housing, an understudied family-level 
social determinant, to early childhood obesity risk, and the underlying social 
mechanism. 
  
 The WIC data are maintained under the Data Mining Project by Los Angeles-based 
Public Health Foundation Enterprises-WIC (PHFE-WIC), the largest local agency WIC program 
in the country. The data are maintained with support from First 5 LA and include socio-
demographic and height and weight information on about 3.5 million WIC participants in Los 
Angeles County from 2003; about 45% of these participants are of preschool age. Each 
participant’s record has been linked to data describing the retail food environment, green space 
and the socio-demographic characteristics of the census tract of residence. With more than 60% 
of babies born in Los Angeles County enrolled in the WIC program at birth, and considerable 
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variation in the socio-demographic characteristics of the census tracts in which WIC families 
live, these data provide a unique opportunity to investigate child, household and neighborhood 
risk factors for early childhood obesity. 
In Chapter 2, the importance of early childhood obesity, as well as findings from the 
literature on social determinants of health and childhood obesity are discussed. In Chapter 3, 
the conceptual framework for investigating the influence of the social determinants of health, 
including unaffordable housing, on early childhood obesity is covered.  
In Chapter 4, the trends in early childhood obesity by household and neighborhood-level 
socioeconomic factors from 2003 to 2014 are examined. Trends in obesity increased until 2008 
and then started to decrease in 2010, a time that coincided with the end of the 2008/09 
economic recession. However, patterns varied by socioeconomic factor, and child’s age and 
race/ethnicity. While obesity rates for some of the children in the highest socioeconomic groups 
are back to 2003 levels, the obesity rates for many children, especially in the lowest 
socioeconomic groups, are not back to 2003 levels.  
In Chapter 5, we further explore the findings from Chapter 4 by examining whether 
disparities in early childhood obesity by household-level and neighborhood-level socioeconomic 
factors have actually widened in the years following the economic recession when compared to 
the years leading up to the recession.  We find that disparities in early childhood obesity by 
household-level socioeconomic factors (household income and household education) have 
widened for some children. However, disparities by neighborhood-level socioeconomic factors 
have not changed.  
In Chapter 6, the relationship of unaffordable housing and early childhood obesity is 
investigated. We find that unaffordable housing increases the risk of early childhood obesity; 
however, it does not increase adiposity in children. The possible social and behavioral pathways 
by which unaffordable housing influences child’s adiposity were explored and no association 
was found.   
  
4 
CHAPTER 2: BACKGROUND AND SIGNIFICANCE 
 
Why study childhood obesity? 
 Childhood obesity has been declared a global epidemic by the World Health 
Organization and is one of the most serious public health challenges of the 21st century (WHO 
2012).  Worldwide, about 43 million children under the age of five years are overweight or obese 
(De Onis, Blössner and Borghi 2010). In the United States, which has one of the highest 
prevalence rates of obesity, obesity rates have doubled among pre-school aged children, and 
more than tripled among adolescents over the past 30 years (Fryar, Carroll and Ogden 2012, 
Ogden et al. 2014). In 2011-12, about 17% of children aged 2-19 years, and 8.4% of children 
aged 2-5 years, were obese (Ogden et al. 2014).   
Children who are obese are more likely to have musculoskeletal, social and 
psychological problems, suffer from severe chronic health conditions such as non-alcoholic fatty 
liver disease and type 2 diabetes, and become obese adults and consequently be at increased 
risk for various chronic diseases including cardiovascular disease and some types of cancer 
later in life (Freedman et al. 2001, Guo and Chumlea 1999, Lobstein, Baur and Uauy 2004, 
Singh et al. 2008). Reducing obesity risk in early childhood is a priority since children who have 
been overweight or obese in early childhood are more likely to be overweight in early 
adolescence (Nader et al. 2006) and obese children as young as 2-5 years old are more than 4 
times as likely to be obese in adulthood (Freedman et al. 2005). Obesity is a costly disease with 
related health expenditures estimated at $147 billion a year for adults (in 2006) and $14.1 billion 
for children (in 2002-2005) (Finkelstein et al. 2009, Trasande and Chatterjee 2009). 
 
Definition of obesity 
Obesity is operationally defined by having a Body Mass Index [BMI, weight 
(kg)/height(m)2] of 30 kg/m2 or greater for adults, and the 95th percentile or greater of sex- and 
age-specific growth reference values for children aged 2 years and older (Kit, Ogden and Flegal 
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2014, Kuczmarski et al. 2002). These commonly accepted definitions have been used to 
describe obesity prevalence trends in the literature. However, it should be noted that obesity is 
essentially an excess of body fatness (adiposity) and that while the BMI definitions of obesity 
have been correlated with increased risk of mortality and morbidity in adults (Berrington de 
Gonzalez et al. 2010, NHLBI and NIDDKD 1998), their usefulness for young children has been 
questioned (Burton 2007, Kit, Ogden and Flegal 2014). Since it takes a long time for health 
conditions like diabetes and cardiovascular disease to develop, it is not clear how to determine 
increased risk of morbidity in children (Ogden 2004). 
Compared to other indices of relative weight, BMI is a better measure of relative weight 
and adiposity because it is less correlated to height (Eknoyan 2008). However, BMI is not 
completely independent of height, especially in young children. Further, the association of BMI 
with adiposity is dependent on body proportions (Garn, Leonard and Hawthorne 1986). In young 
children whose body proportions are changing rapidly, weight-for-height z-scores (WHZ) derived 
from sex- and age-specific growth reference values, are a preferred measure since they are 
independent of height (Jones et al. 2012). 
 
Etiology of childhood obesity 
The primary function of adipose tissue (body fat) is to store energy and insulate the body 
(Hill 2006). Obesity, which is an excess of adipose tissue, is due to an imbalance of energy 
intake and expenditure (Kit, Ogden and Flegal 2014).  Energy intake is determined by diet, 
specifically the  amount and types of food and beverages consumed, while energy expenditure 
is affected by physical activity level as well as metabolic rate  (Kit, Ogden and Flegal 2014). This 
metabolic regulation occurs with the help of insulin (a hormone produced in the pancreas) and 
leptin (a hormone produced by adipocytes, i.e., fat cells) which communicate the body’s 
adiposity levels (energy storage levels) to the hypothalamus in the brain. The hypothalamus 
then controls energy intake and expenditure accordingly (Skelton et al. 2011). However, many 
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different signals are involved in the control of this metabolic regulation and these signals can be 
influenced by genes, epigenetic modifications, environmental factors, and chronic stress 
(Skelton et al. 2011). Chapter 3 on theory includes a discussion of the biological mechanism by 
which chronic stress can disrupt metabolic regulation. 
 Risk factors for childhood obesity include behavioral factors that can lead to energy 
imbalance such as family food purchasing and family meal-time behaviors, TV watching, and 
environmental factors that influence diet and physical activity such as convenient access to 
healthy and affordable foods and safe recreational facilities for children to engage in physical 
activity (Health and Human Services 2005, Skelton et al. 2011). 
 
Childhood obesity and social determinants of health 
Social determinants of health are the social and economic factors that affect people’s 
health such as socioeconomic status (SES), racial discrimination, income, education, poverty, 
housing and neighborhood socioeconomic conditions (Braveman, Egerter and Williams 2011, 
Woolf and Braveman 2011). These fundamental causes or “upstream” factors influence 
people’s health through their exposure to environmental risk factors, their health behaviors, 
beliefs and knowledge, and their access to material resources and health care (Braveman, 
Egerter and Williams 2011, Woolf and Braveman 2011). The unequal distribution of these 
upstream factors creates avoidable and unjust inequalities in health (“health disparities”) by 
shaping behaviors, determining access to resources, and knowledge, and influencing 
physiological mechanisms (Adler and Stewart 2010b, Braveman 2006, Braveman, Egerter and 
Williams 2011). Understanding the impact of these fundamental causes on childhood obesity is 
critical for building a comprehensive framework for investigating the etiology of childhood 
obesity and designing effective population level interventions.   
In the following section, I will discuss the established social determinants of health, 
namely race/ethnicity, SES, household income, household education, and neighborhood 
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socioeconomic profile. [Note that the term neighborhood SES while commonly used does not 
have clear meaning]. This will be followed by a discussion of the gaps in the literature.  
Race and ethnicity  
Racial and ethnic disparities in childhood obesity are observed in the United States. 
Data from national surveys show that in general American Indian children and adolescents have 
the highest prevalence of obesity followed by Black and Mexican-American children and 
adolescents, and  Non-Hispanic whites and Asians have the lowest (Wang 2001, Wang 2011). 
In 2011-2012 NHANES data, 22.4% of Hispanic children and 20.2% of NH black children aged 
2-19 years are obese versus 14.1% of NH white children and 8.6% of Asian children. These 
disparities are evident early on as well (Anderson and Whitaker 2009, Ogden et al. 2012, Ogden 
et al. 2014). In 2011-2012, 16.7% of Hispanic and 11.3% of NH black children aged 2-5 years in 
the U.S. were obese compared to 3.5% of NH white and 3.4% of Asian children (Ogden et al. 
2014). Racial/ethnic differences in obesity tend to be larger among girls than boys and the 
racial/ethnic gaps in childhood obesity have widened in the U.S. since the late 1970s (Wang 
2011).  
In the United States, the effects of race/ethnicity on health are often intertwined with 
those of socioeconomic factors. With regard to childhood obesity specifically, the high rates 
seen in Black, Hispanic and American Indian children are likely due to social factors such as 
household income, education, and neighborhood quality (Caprio et al. 2008). Differences in 
childhood obesity could also be due to cultural factors regarding body size (Caprio et al. 2008). 
Genetics and different levels in the metabolic regulation signals may also play a role (Caprio et 
al. 2008). Additionally, BMI cutpoints may not be appropriate for all racial/ethnic groups. Lower 
BMI cutpoints for Asians have been recommended since they have a higher mortality risk at the 
same BMI as other ethnic groups (Wang 2013). This could partly be due to a difference in the 
distribution of body fat among Asians (Wang 2013).  
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Although it has not been studied among children, racial discrimination might play a role.  
Using data from the National Latino and Asian American Study (NLAAS), one study found that 
the probability of Asian American adults being obese was twice as high if they experienced 
racial discrimination, defined as perceived unfair treatment due to race (Gee et al. 2008). However, 
Hunte and Williams (2009) examined perceived racial discrimination among other racial/ethnic 
groups and found that it was not associated with increased risk of obesity in black or Hispanic 
adults. Interestingly, it was associated with increased risk among Whites of Irish, Jewish, Polish, 
and Italian ethnicity, groups who have suffered discrimination in the past (Hunte and Williams 
2009).  
 
Socioeconomic status 
Frequently operationalized as education, income or occupation, socioeconomic status 
(SES) is a concept that refers to an individual’s position in society and their power, prestige and 
access to resources (Adler and Stewart 2010a, Braveman 2006). SES is associated with 
increased mortality and morbidity (Braveman et al. 2010, Diez Roux and Mair 2010, Elo and 
Preston 1996, Galea et al. 2011, NCHS 2012, Williams and Sternthal 2010, Winkleby and 
Cubbin 2003). SES is also associated with obesity, including childhood obesity. In 1989, Sobal 
and Stunkard conducted a comprehensive review of cross-sectional studies examining SES and 
obesity in developed and developing countries. They found that among children in developed 
countries, the relationship between SES and obesity was inconsistent (Sobal and Stunkard 
1989). Approximately a third of the 34 studies reviewed found a positive relationship, a third 
found a negative relationship and a third did not find any relationship. This was true regardless 
of gender and most studies found similar results for both girls and boys. This inconsistent 
relationship was also found for the 14 American studies. Sobal and Stunkard hypothesized that 
the variability was due to differences in how SES was measured, timing of the study, and age of 
the children. The populations sampled were also different.  
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Since the Sobal and Stunkard review, studies have mostly found the relationship 
between SES and childhood obesity to be negative, with lower SES associated with increased 
risk of obesity. Shrewsbury and Wardle (2008) conducted a review of the literature from 
developed countries on SES and obesity among children 5-18 years. A majority (42%) of the 45 
studies reviewed found a negative relationship between SES and obesity. SES was defined as 
parents’ education, occupation, family income, or an index or neighborhood SES. Approximately 
a quarter of studies found no association and the remaining found either a negative or no 
relationship among the study’s subgroups (Shrewsbury and Wardle 2008). The authors did not 
find a positive association in any study.  
 
Household income 
In the U.S., household income is negatively associated with obesity in children and there 
tends to be a dose-response relationship (Ogden et al. 2010b, Strauss and Knight 1999, Wang 
and Zhang 2006). In 2005-2008, 12.0% of girls and 11.9% of boys aged 2-19 years living in 
families with incomes greater or equal to 350% of the federal poverty level (FPL) were obese 
compared to 15.8% and 17.4% of girls and boys, respectively, living in families with incomes 
between 130% FPL and < 350% FPL (Ogden et al. 2010b). Obesity prevalence was 19.3% and 
21.1% in girls and boys living in families with incomes < 130% FPL (Ogden et al. 2010b).  
However, the relationship is not as stark as it used to be and it varies by child’s age, 
gender and race/ethnicity (Ogden et al. 2010b, Wang and Zhang 2006). For instance, 
household income is negatively associated with overweight in boys 2-9 years old but it is not 
associated in boys 10-18 years old (Wang and Zhang 2006). Household income is negatively 
associated with overweight in adolescent white girls but positively associated with overweight in 
adolescent black girls (Wang and Zhang 2006). This racial/ethnic difference among adolescent 
girls might be partially due to different perceptions regarding ideal body size and to increased 
exposure to chronic stress among black girls (Adams et al. 2000, Williams et al. 2010).  
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The association between household income and childhood obesity seemed to be 
weakening until the early 2000s due to higher income children experiencing increased rates of 
obesity (Wang and Zhang 2006).  The authors hypothesized that when computers and 
computer games became more affordable in the 1990s higher income children were able to 
purchase them and this subsequently influenced their physical activity levels. Their levels 
started to resemble those of lower income children who watched more TV than the higher 
income groups (Wang and Zhang 2006). From the early to the late 2000s, however, it appears 
that obesity among children aged 10-17 years of lower-income families increased more than 
among children of higher income families, with those in poverty experienced the greatest 
increase (Babey et al. 2010, Singh, Siahpush and Kogan 2010b).  
Most of the evidence on household income and childhood obesity come from cross-
sectional studies; however, a few longitudinal studies examining economic predictors of 
childhood obesity have been conducted (Demment, Haas and Olson 2014, Dubois and Girard 
2006, Jones-Smith et al. 2014, Lee et al. 2014, Zilko and Cubbin 2013). They have found mixed 
results which could be due to the timing of low household income (e.g., at birth or later on), the 
measure used and/or when and where the study occurred. In a Quebecois cohort of children 
born in 1998, household income before pregnancy was found to be negatively and significantly 
associated with obesity at 4.5 years (Dubois and Girard 2006). In a study of 10 cities in the US, 
Lee et al. (2014) found that poverty before 2 years of age increased the risk of obesity by 15.5 
years of age. When using a SES composite index based on household income and both 
parents’ education and occupations, Jones-Smith et al. (2014) found similar results among the 
Early Childhood Longitudinal Study-Birth Cohort, however, their findings varied by 
race/ethnicity. Among NH whites, Hispanics and Asians, SES was negatively associated with 
overweight/obesity after the children were 9 months old. A relationship was not found among 
American Indians or blacks. The authors hypothesized that the SES relationship might become 
apparent in blacks and American Indians when they are older (Jones-Smith et al. 2014). One 
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limitation of the study is that the authors used BMI to determine overweight/obesity for children 
less than 2 years old instead of weight-for-height z.  As discussed earlier (pg 5), the validity of 
BMI as an indicator of adiposity in growing young children has not been established. Contrary to 
these findings, Zilco and Cubbins (2013) found that among the children born to women of the 
National Longitudinal Survey of Youth 1979 (NLSY79), becoming poor between the ages of 4 
and 14 years decreased a child’s risk of overweight or obesity compared to children who never 
experienced poverty, adjusting for child’s and mother’s sociodemographics.   
The differences in obesity by income can be partly due to economic resources. 
Households with greater income are able to afford health care, healthy foods, and be able to 
pay for housing in a safe neighborhood with access to grocery stores, parks and recreational 
areas (Braveman, Egerter and Barclay 2011, Schreier and Chen 2013). Low-income 
households, however, are more likely to have poor diets, live in poor and unsafe neighborhoods, 
and experience more chronic stressors (Adler and Stewart 2010a, Braveman, Egerter and 
Barclay 2011, Lovasi et al. 2009). 
 
Household education 
During their review of studies from developed countries, Shrewsbury and Wardle (2008) 
found that three-quarters of the studies that examined parents’ education as an indicator of SES 
found a negative relationship between parents’ education and childhood obesity. This negative 
relationship exists in the US as well (Ogden et al. 2010b, Strauss and Knight 1999). Using 
2005-2008 NHANES data, Ogden et al. (2010) find that 8.3% of girls and 11.8% of boys aged 2-
19 years in households where the highest level of education is at least a college degree are 
obese compared to 20.4% of girls and 21.1% of boys in households where the highest level of 
education is less than a high school degree (Ogden et al. 2010b). A dose-response relationship 
between household education and childhood obesity also exists. As with income, the 
relationship between household education and childhood obesity is not as clear-cut and varies 
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by race/ethnicity and gender. Among NH white and black girls aged 2-19 years  a significant 
negative relationship exists (Ogden et al. 2010b). Among boys, a negative relationship existed 
for NH white and Mexican-American children, however, it was non-significant. 
Between 1988-1994 and 2005-2008, the prevalence of childhood obesity significantly 
increased in all households among both girls and boys, except for girls in households where the 
highest level of education is at least a college degree (Ogden et al. 2010b). From the early to 
the late 2000s, obesity among children of households with less than a high school degree 
increased significantly more than children living in households with at least 12 years of 
education (May et al. 2013, Singh, Siahpush and Kogan 2010b). However, the study that used 
measured height and weight data found that this was true for girls but not boys (May et al. 
2013). These trends varied according to race/ethnicity with NH white girls demonstrating this 
pattern. Among NH black girls, the prevalence of obesity also increased among the higher 
educated groups (May et al. 2013). 
The studies mentioned above grouped children of all ages together. Less is known about 
the impact of education on very young children. Kimbro et al. (2013) found 5-year old children 
whose mothers had more than a high school education to be significantly less likely to be obese 
after adjusting for child and family socio-demographics. However, there was no significant 
difference between the children whose mothers had a high school degree and those whose 
mothers had less than a high school degree. Among low-income pre-school aged WIC children 
in Los Angeles County, Chaparro et al. (2014) and Nobari et al. (2013) found that mother’s 
education was negatively associated with adiposity after adjusting for child and family socio-
demographics (Chaparro et al. 2014, Nobari et al. 2013). Contrary to the two studies, Barroso et 
al. (2012) did not find an association of mother’s education and child weight-for-height z-score 
among low-income WIC children in Texas (Barroso et al. 2012). It could be that a relationship 
with education is not evident among very young children, i.e., aged 1-2 years, or it could be their 
use of a dichotomous education measure (high school graduate or not) which did not allow for 
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enough variability. Chaparro et al. (2014) and Nobari et al. (2013) used a 3-category education 
measure. 
Most of the evidence on education and childhood obesity come from cross-sectional 
studies; however, two longitudinal studies have examined mother’s educational attainment and 
risk of childhood obesity. In an Australian birth cohort, low mother’s educational attainment at 
birth was associated with increased risk of obesity in adolescence (Chivers et al. 2012). In the 
previously-mentioned Quebecois birth cohort study, mother’s education was not significantly 
associated with obesity at 4.5 years (Dubois and Girard 2006). It could be that the impact of 
mother’s education varies by country. In Quebec, education might not be a good indicator of 
SES or policies might exist that negate its influence. Furthermore, the Australian study used a 
measure that encompassed aspects of occupation (e.g., trade/apprenticeship) which includes 
other dimensions of SES.    
The association of education with obesity may not only be due to the financial resources 
that increased education generally provides through better occupation. Education also provides 
health literacy and improves health behaviors, such as healthier diets and physical activity, 
(Chandola et al. 2006, Cutler and Lleras-Muney 2006, Kenkel 1991, Lleras-Muney 2005) and 
might also influence childhood obesity through the home cognitive and emotional environment 
(Strauss and Knight 1999).  
 
Neighborhood SES 
Neighborhood SES is frequently measured by median household income, percent of 
residents in poverty or percent of residents without a high school degree. Shrewsbury and 
Wardle (2008) reviewed seven studies on neighborhood SES and found mixed results. Studies 
either found a negative relationship, no relationship or a negative relationship in certain 
subpopulations (Grow et al. 2010, Shrewsbury and Wardle 2008). However, these studies did 
not use multilevel analyses that also adjusted for family and individual level factors (Grow et al. 
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2010). Greves-Grow et al. (2010) examined multiple measures of the neighborhood 
socioeconomic environment with obesity risk in insured children aged 6-18 years in Washington. 
Conducting spatial analysis that took into consideration the effect of adjacent census tracts and 
that adjusted for child age, gender and health plan status as a marker of household income, the 
authors found that a decrease in tract-level median household income, a decrease in home 
ownership, an increase in women with less than a high school education, and an increase in 
single-parent households were each associated with a significant increased odds of obesity.  
Using a nationally-representative dataset and conducting multilevel analyses, Kimbro et 
al. (2013) found that 5-year old children living in low SES neighborhoods (i.e., greater 
percentage of households living in poverty or adults with less than a high school degree) were 
at significantly higher odds of being obese, after adjusting for child and family 
sociodemographics and neighborhood population density. Using neighborhood median income 
as the neighborhood SES measure, Nobari et al. (2013) found similar findings among low-
income preschool-aged children in Los Angeles County.  
Few studies have examined trends in childhood obesity by neighborhood SES. One 
ecological study examined trends among preschool-aged children participating in WIC in Los 
Angeles County. Chaparro et al. (2014) found that census tracts with increasing obesity 
prevalence rates were more likely to be disadvantaged, i.e., a greater percentage of less 
educated, poorer, or minority residents, compared to tracts that were more advantaged. 
Most of the studies examining neighborhood SES and childhood obesity are cross-
sectional. Among toddlers participating in WIC, Chaparro et al. (2014) found that after adjusting 
for child’s and mother ‘s demographics and neighborhood food environment, children living in 
the lowest income neighborhoods were at increased likelihood of having higher adiposity one 
year later at age 3 than children living in the highest income neighborhoods. While the study 
examined obesity in young adulthood, Lee et al. (2009) used three waves of the National 
Longitudinal Study of Adolescent Health data and found that neighborhood poverty (i.e., census 
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tract-level percent of families living in poverty) in adolescence significantly increased the 
likelihood that children would remain obese in young adulthood, even after adjusting for 
sociodemographics and health behaviors (Lee, Harris and Gordon-Larsen 2009). However, 
neighborhood poverty was not associated with normal weight children becoming obese in young 
adulthood.  
These findings highlight the impact of neighborhoods on obesity risk. Neighborhoods 
can influence children’s diet, physical activity, and chronic stress through the physical 
environment, such as poor access to supermarkets, recreational spaces, and sidewalks, and 
through the social environment such as decreased social capital and safety, increased crime, 
and unhealthy social norms (Lovasi et al. 2009, Schreier and Chen 2013).  
 
What are some of the issues and gaps in the literature on SES and childhood obesity? 
Most of the evidence on family and neighborhood SES and childhood obesity come from 
observational studies where we cannot infer causality. In the literature on the relationship 
between SES and health, there is an issue of whether SES causes the health outcome. It could 
be that poor health influences SES or that there is a third factor responsible for the relationship, 
such as high discount rates, genetics, or self-control (Borghans and Golsteyn 2005, Braveman, 
Egerter and Williams 2011, Cutler, Glaeser and Shapiro 2003, Fuchs 2004, Smith, Bogin and 
Bishai 2005). For adults, obesity can affect SES through decreased educational attainment or 
income. Since parents’ SES is used as a measure for children it is highly unlikely that a child’s 
obesity will influence his or her parents’ SES. The relationship could be due to a third factor. 
High discount rates would not apply until later, however, genetics might be a factor since 
children share their parents genome (Baum and Ruhm 2009).  
Trends by income and education have shown a possible increase in obesity among 
lower SES groups. However, no studies have examined the trends since the late 2000s, when 
families were still reeling from the Great Economic Recession. Additionally, most studies 
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examined trends by household income and none examined trends by both a household and a 
neighborhood level SES measure. It is important to use various SES measures since they 
reflect different dimensions of socioeconomic status and may therefore shed light on the 
etiology of childhood obesity.  
Studies examining trends in obesity by SES have also either grouped all ages of children 
together or have focused on older children and adolescents. Less frequently have trends in 
obesity by SES been examined in young children. Except for the study conducted by Chaparro 
et al. (2014), trends among low-income pre-school aged children are generally only examined 
by race/ethnicity and not by family or neighborhood SES (Dalenius K et al. 2012, Pan et al. 
2012, Sekhobo et al. 2013). Yet socioeconomic differences in obesity exist among low-income 
pre-school aged children. Analyses of the 2011 Pediatric Nutrition Surveillance System 
(PedNSS) data on children who participate in federally funded maternal and child health and 
nutrition programs, found that 14.2% of children in families ≤ 50% FPL were obese compared to 
11.8% of children in families with 151-185% FPL (CDC 2014). Small socioeconomic differences 
may have a greater impact among vulnerable low SES children. While trends in obesity are 
generally examined by SES or race/ethnicity, it is important to examine both together. 
Many studies do not examine SES as a main independent predictor. Family and 
neighborhood SES variables are controlled for in analyses that examine other main effects. 
Some of these studies used SES variables that had 3 categories. Sample size permitting, it is 
important to examine more categories to determine whether a dose-response relationship 
exists. Evidence of one would suggest that a causal relationship exists between the SES 
variable and childhood obesity (Braveman, Egerter and Williams 2011). Evidence of a threshold 
effect would suggest that interventions should be targeted at the most vulnerable groups 
(Braveman et al. 2010).  
Quite a few studies used data from large nationally representative surveys like NHANES 
or the Early Childhood Longitudinal Study-Birth Cohort that use measured height and weight 
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data to determine children’s BMI percentiles. However, a couple studies did use data from 
surveys that had parent- or child-reported height and weight measures (Babey et al. 2010, 
Singh, Siahpush and Kogan 2010b). These are less accurate since parents may underreport 
their children’s height or weight. This bias can vary according to the child’s age and the parent’s 
socioeconomic status (Weden et al. 2013). 
Researchers have infrequently examined chronic stress as one of the mechanisms by 
which SES influences childhood obesity, even though chronic stress is one of the mechanisms 
by which SES influences health (Adler and Stewart 2010a, Adler and Stewart 2010b). Chronic 
psychosocial stress occurs when environmental demands from interactions with the social 
environment “tax or exceed the adaptive capacity of an organism, resulting in psychological and 
biological changes that may place a person at risk for disease” and anyone of these stages lasts 
for a relatively long period of time (Baum, Cohen and Hall 1993, Cohen, Kessler and Gordon 
1995). Individuals at lower socioeconomic status are more likely to experience chronic stress 
through negative life events, job stress resulting from high demand and low control, economic 
hardship, smaller social networks, and neighborhood factors such as crime, noise and pollution 
(Adler and Stewart 2010b, Baum, Garofalo and Yali 1999). In addition to children being directly 
exposed to some of these stressors, parents’ chronic stress can affect the quality of care and 
resources a child receives (Thompson 2014). Very young children are especially vulnerable to 
chronic stress since they depend on their caregivers to regulate their biological response to 
stress (Gunnar and Quevedo 2007). 
Emerging literature suggests that chronic psychosocial stress, such as parent’s poor 
mental and/or physical health, negative life events, chaotic home environments, lack of 
emotional support, housing instability, and measures of financial strain, may play an important 
role in rising obesity rates (Garasky et al. 2009, Gundersen et al. 2011, Lumeng et al. 2014, 
Nobari, Wang and Crawford 2014). One chronic stressor that has largely been ignored in the 
literature on childhood obesity is unaffordable housing.  
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Unaffordable housing and childhood obesity 
The US Department of Housing and Urban Development (HUD) defines unaffordable 
housing as spending more than 30% of a family’s income on housing related costs, such as 
mortgage payments, rent, and utilities. Families who spend more than 50% of income on 
housing are severely burdened by housing costs. In 2012, nearly 41 million households in the 
United States were burdened by housing costs, including nearly 20 million who were severely 
burdened (Joint Center for Housing Studies 2014). Low-income and minority households are 
more likely to be cost-burdened, especially severely burdened (Joint Center for Housing Studies 
2014). Among poor households in the U.S., 77% were burdened with housing costs while 67% 
were severely burdened.  
Housing provides shelter, stability, and protection to families and is therefore important 
to health and well-being (Pollack et al. 2008). A number of features of the housing unit such as 
physical housing quality, crowding, residential mobility, housing affordability, and 
homeownership have been studied in relation to child health and development (Leventhal and 
Newman 2010). Although housing is one of the largest expenses families pay, the impact of 
unaffordable housing on health is rarely studied (Leventhal and Newman 2010, Quigley and 
Raphael 2004), possibly due to potential policy solutions having to include unpopular income 
supplements (Leventhal and Newman 2010). Among the few studies that have examined the 
influence of unaffordable housing on health (Harkness and Newman 2005, LACDPH 2015, Ma, 
Gee and Kushel 2008a, Pollack, Griffin and Lynch 2010), Ma et al. (2008) analyzed data from 
the National Survey of America’s Families and found that unaffordable housing increased the 
odds of low-income families postponing medical care and needed medications for their children. 
These findings were significant after adjusting for family and child sociodemographics, 
insurance status, food insecurity and receipt of WIC and food stamps. The authors defined 
unaffordable housing as not being able to pay mortgage, rent or utility bills in the past 12 
months. The odds for each outcome increased when the families also moved in with someone 
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else due to the inability to pay for housing. Controlling for sociodemographics and neighborhood 
environment, Pollack et al. (2010) examined the association of perceived unaffordable housing 
with a number of health indicators among adults in southeastern Pennsylvania. The authors 
found that it significantly increased the odds of fair or poor health, arthritis, hypertension and 
cost-related health care and prescription nonadherence.  
Unaffordable housing might also increase the risk of childhood obesity through economic 
hardship that could decrease a family’s financial resources for a healthy diet and safe physical 
activity opportunities for their children. Economic hardship is also a chronic stressor that 
increases the likelihood of the home environment being cold and unsupportive thereby 
increasing the child’s own chronic stress.  
One study examined unaffordable housing as part of an index of housing-related 
stressors that included doubling up, sending the child to live with someone else, and moving to 
cheaper housing. The authors found that the index was not significantly associated with 
overweight and obesity in children aged 5-17 years who participated in the second Child 
Development Supplement (CDS-II) of the Panel Study of Income Dynamics (PSID) in 2002-
2003 (Garasky et al. 2009). The lack of association could be because the authors examined 
unaffordable housing as part of an index. Examining unaffordable housing separately from other 
housing indicators is important since the relationship with obesity and the mechanisms involved 
are likely to be very different. Furthermore, Garasky et al. (2009) examined the relationship 
among a nationally representative sample of children. Unaffordable housing might only have a 
significant effect on low-income families since they already have relatively little income to devote 
to housing costs (Harkness and Newman 2005). The authors also examined the relationship 
among older children. There are critical periods in development, and unaffordable housing might 
have an impact on very young children who are still developmentally dependent on their 
parents.  
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In the above-mentioned study on adults in Pennsylvania, Pollack et al. (2011) examined 
the relationship of unaffordable housing with obesity but did not find a relationship. The authors 
considered any housing that was perceived to be unaffordable and not just housing that was a 
severe cost burden (Pollack et al. 2010). The authors also used self-reported height and weight 
to calculate BMI and not actual measures of height and weight. Additionally, housing costs may 
have a greater impact on children than adults who might be able to weather effects better. 
It should be noted that while HUD has an objective definition of what is affordable 
housing, no unique definition exists (Quigley and Raphael 2004). Unaffordable housing 
generally refers to all housing related costs. While sometimes only mortgage and rent are 
considered, some studies have included utility bills and/or property taxes in their measure of 
unaffordable housing (Ma, Gee and Kushel 2008b, Pollack, Griffin and Lynch 2010). Affordable 
housing is dependent on a family’s income and family size. The impact of unaffordable housing 
is very different for a family making $100,000 than it is for a family making $24,000. Additionally, 
a family of 2 on $24,000 has an easier time spending 30% for housing than a family of 2 adults 
and 3 children.  
Affordable housing is also dependent on market housing prices, the supply of housing 
and its quality, the ability to take out a loan, policies that influence housing markets, and the 
choices families make in how to allocate their financial resources (Quigley and Raphael 2004). 
The reason families make these choices might also influence the outcome of interest (Leventhal 
and Newman 2010). Given these reasons, some researchers examine neighborhood-level 
unaffordable housing such as the fair market rent of the area. Harkness and Newman (2005) 
examined housing markets in the metropolitan area and found that poor children aged 6-17 
years living more affordable housing markets had better parent-reported health than poor 
children living in less affordable housing markets. An extreme of unaffordable housing, Arcaya 
et al. (2013) found that among adults in the Framingham Offspring Cohort study living near 
foreclosures increased the odds of being overweight.    
  
21 
CHAPTER 3: THEORY 
 
The proposed dissertation aims to examine socioeconomic disparities in early childhood 
obesity prevalence trends in Los Angeles County and the role of a financial chronic stressor, 
unaffordable housing as indicated by severe housing cost burden, in the etiology of early 
childhood obesity. As discussed in the previous chapter, obesity is directly caused by energy 
imbalance. In this chapter, I will begin by discussing the biological theory of how chronic stress 
can influence energy imbalance. I will then discuss three theories that inform how 
socioeconomic factors and financial strain can influence childhood obesity: Brofenbrenner’s 
Ecological Systems Theory, the Family Stress Model of Economic Hardship and the Risky 
Families Model. I will present the limitations of each in relation to the proposed study, and will 
finish by discussing how the conceptual framework can be applied to understand how family 
SES, neighborhood SES and unaffordable housing can each influence the risk of obesity in very 
young children.  
 
Biological Theory: The Hypothalamic-Pituitary-Adrenal (HPA) Axis and Cortisol  
There are two main systems in the body that regulate our response to stress and allow 
us to maintain homeostasis and allostasis: the sympathetic nervous system (SNS) and the 
hypothalamic-pituitary-adrenal (HPA) axis. While the two systems are connected, much of the 
research on chronic stress and obesity has focused on the role of the HPA axis and cortisol 
(Bjorntorp 2001, Scott, Melhorn and Sakai 2012).  
When an individual experiences physical or psychosocial stress the hypothalamus is 
activated and corticotropin releasing hormone (CRH) is secreted (see Figure 3.1). CRH 
stimulates the release of adrenocorticotropic hormone (ACTH) from the anterior pituitary gland. 
ACTH travels through the blood to the adrenal cortex and stimulates the secretion of cortisol, a 
glucorticoid (GC) (a type of steroid hormone). Inactive cortisol is transported in the bloodstream 
to the target tissues where it is activated by an enzyme. Cortisol then binds to glucocorticoid 
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receptors and this regulates the transcription of a number of genes in the cell (Bose, Olivan and 
Laferrere 2009).  
 
 
Figure 3.1. Hypothalamus-Pituitary-Adrenal Axis (HPA) 
Source: http://php.med.unsw.edu.au/embryology/ 
 
Cortisol is important for normal growth and development, metabolism and maintaining 
homeostasis. Cortisol has a diurnal pattern that decreases throughout the day but has a peak 
shortly after waking and a smaller one after lunch. Under acute stress, the HPA axis is activated 
and there is a peak in the secretion of cortisol. When the HPA axis functions normally, the 
elevated levels of cortisol shut off the axis through a negative feedback mechanism and cortisol 
returns to basal levels (Bjorntorp 2001). However, chronic exposure to stress can induce a 
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dysregulation in the HPA axis where it takes longer for the axis to shut down, therefore cortisol 
levels stay high for a longer period of time (Bjorntorp 2001).  
During times of acute stress, cortisol suppresses hunger so that the body’s energy can 
be used for the fight or flight response. When the HPA axis is activated CRH is released into the 
hypothalamus and inhibits a set of neurons that are responsible for stimulating eating (Sominsky 
and Spencer 2014). Cortisol also mobilizes energy by increasing glucose availability through 
protein breakdown, gluconeogenesis (formation of glucose), and lipolysis (breakdown of lipids). 
However, during periods of chronic stress, cortisol increases the accumulation of fat and 
stimulates appetite (Sominsky and Spencer 2014).  
 
Cortisol and fat accumulation 
To accumulate fat, cortisol binds to the glucocorticoid receptors (GR) which activates a 
certain enzyme and leads to an increase of triglycerides in adipocytes (fat cells). GR are greater 
in visceral adipose tissue than in subcutaneous adipose tissue therefore increasing visceral fat 
(Bjorntorp 2001). In the presence of the hormone insulin, cortisol also inhibits the lipid-mobilizing 
system, resulting in the retention of triglycerides. An example of this is seen among individuals 
with Cushing’s disease who have high levels of cortisol and insulin and high levels of visceral 
adipose tissue (Bjorntorp 2001).  
Cortisol and appetite 
During times of chronic stress cortisol can increase appetite with the help of insulin, 
leptin and ghrelin. Under acute stress, cortisol suppresses food intake by stimulating insulin 
secretion from the pancreas. Insulin normally decreases food intake by acting at the 
hypothalamus and at the ventral tegmental area in the brain to decrease the dopaminergic 
reward of food (Sominsky and Spencer 2014). However, under chronic stress cortisol increases 
insulin levels but also increases insulin resistance by diminishing insulin’s actions on the 
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hypothalamus (Dallman 2010, Sominsky and Spencer 2014). This results in insulin’s decreased 
capacity to suppress appetite (Sominsky and Spencer 2014). Due to the insulin resistance 
caused by cortisol, insulin no longer sufficiently suppresses the dopaminergic neuron-reward 
pathways. Food therefore needs to provide increasing levels of “reward” which highly palatable, 
calorically-dense foods, high in fat and sugar do (Sominsky and Spencer 2014). Additionally, the 
reward activation provided by these foods activates a negative feedback mechanism of the HPA 
axis, thereby shutting the axis off and reducing cortisol levels (Sominsky and Spencer 2014). 
The learned association between eating highly palatable, calorically-dense foods and feeling 
less stressed can easily become a habit, with the prefrontal cortex no longer involved in 
controlling behavior. People then end up automatically reaching for the foods when they feel 
stressed (Dallman 2010).  
Cortisol also stimulates fat cells to release leptin, a hormone that suppresses appetite 
and signals satiety. However, cortisol also decreases the brain’s sensitivity to leptin (Sominsky 
and Spencer 2014). Individuals who are obese have high levels of leptin but are resistant to its 
effect. Although the mechanism is still unclear, animal and human studies show that cortisol 
induces leptin resistant obesity (Bjorntorp 2001, Sominsky and Spencer 2014).  
Cortisol can increase ghrelin, a hormone secreted from the stomach that signals hunger 
and stimulates appetite. Ghrelin stimulates peptides in the hypothalamus which in turn 
stimulates appetite (Sominsky and Spencer 2014). However, not everyone responds to chronic 
stress by increasing food intake. Some people, especially unrestrained eaters, reduce their 
intake. It is believed that ghrelin may influence whether a person increases or decreases their 
food intake (Sominsky and Spencer 2014). Stress-induced ghrelin levels are unchanged by food 
intake in emotional eaters (people who eat highly caloric, palatable food when stressed), but are 
quickly restored to baseline by food intake in non-emotional eaters (people who eat less or the 
same when stressed). The same attenuated ghrelin response to food is observed in obese 
individuals with a greater percent body fat (Raspopow et al. 2010, Raspopow et al. 2014). 
  
25 
People who eat when stressed and people with excess adiposity may need to eat relatively 
more palatable food to decrease the cortisol-stimulated ghrelin levels (Sominsky and Spencer 
2014).  
Chronic stress can therefore lead to elevated levels of cortisol which leads to increased 
fat in the visceral adipose tissue and increase intake of food, especially highly palatable, 
energy-dense food. However, the cortisol-obesity pathway is not unidirectional. Adipose tissue 
secretes cytokines which activate the HPA axis, leading to an increased secretion of cortisol 
(Foss and Dyrstad 2011). Adipose tissue can also increase levels of cortisol through an enzyme 
that activates the inactive form of cortisol. Cortisol then binds to the glucocorticoid receptors and 
initiates the above-mentioned events that lead to fat accumulation in visceral adipose tissue and 
insulin resistance (Spencer and Tilbrook 2011, Stomby et al. 2014). Although it is not believed 
that local levels of this activated cortisol have a systemic effect (Stimson et al. 2009).  
 
Ecological Systems Theory 
A framework for understanding how household SES, neighborhood SES and 
unaffordable housing can influence the risk of childhood obesity is Bronfenbrenner’s Ecological 
Systems Theory (EST). Originally formulated for human development in the 1970’s, Urie 
Bronfenbrenner’s Ecological Systems Theory (frequently called the Social Ecological Model) 
posits that the context or the ecological environment in which a child develops must be 
considered in order to understand the development of a child’s characteristic (Bronfenbrenner 
1994). EST states that five nested subsystems exist: the microsystem, mesosytsem, 
exosystem, macrosystem and chronosystem (see Figure 3.2). These subsystems can be 
thought of as a set of Russian dolls, one within another, and are considered from the standpoint 
of the developing child. The factors within the subsystems can interact with each other and the 
subsystems can interact with adjacent subsystems. 
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Figure 3.2. Bronfenbrenner's Ecological Systems Theory 
Source: http://seansturm.wordpress.com/2009/06/21/the-writing-zone-according-to-ecological-systems-theory/  
 
 
The microsystem consists of the developing child’s interactions with his or her 
immediate environment, such as home, daycare and the neighborhood (Bronfenbrenner 1977). 
Within these immediate environments, the child engages in certain activities, in certain roles, for 
certain periods of time (Bronfenbrenner 1977). Microsystems facilitate or constrain the child’s 
behaviors, activities, and roles (Bronfenbrenner 1994). A reciprocal relationship exists between 
the child and the microsystem with each influencing the other. For instance, a mother influences 
her child but how the child interacts with his or her mother can also influence the mother’s 
behavior towards her child.   
The mesosystem consists of the interactions between the child’s microsystems, such 
as the communication between parents and daycare providers regarding a child. The 
exosystem consists of formal and informal social structures that indirectly influence the child by 
directly impacting that child’s immediate settings. At least one of these settings cannot contain 
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the child (Bronfenbrenner 1994). Governmental agencies, parents’ workplace, family social 
networks, mass media, would all be considered exosystems for a child. Programs and policies 
such as the WIC food package change would also fall under exosystems. The macrosystem 
refers to the larger culture or subculture (i.e., the economic, social, educational, legal and 
political systems) that implicitly and explicitly shapes the micro-, meso- and exosystems 
(Bronfenbrenner 1977). The macrosystem is the “societal blueprint” for a specific culture or 
subculture (Bronfenbrenner 1994). Added later, the fifth and last subsystem, the chronosystem, 
considers the physiological changes of the developing child as he or she ages. The 
chronosystem also encompasses historical events that the child might experience over his or 
her lifecourse such as the 2009 economic recession (Bronfenbrenner 1994).  
While EST was originally formulated with the child’s psychological well-being in mind, 
EST can be applied to many different health outcomes. Given that the risk factors for childhood 
obesity are multi-level, it is well suited as a framework to organize the multiple factors that 
influence childhood obesity (Davison and Birch 2001). Schreier and Chen (2013) have used it to 
understand how socioeconomic status at the family and neighborhood level could influence 
childhood obesity. EST is ideal for childhood obesity in that it allows for the subsystems to 
interact. It also recognizes that the child is a contributing force in the dynamic. However, since 
EST is a framework it does not specify the mechanisms by which the subsystems might 
influence the child. The Family Stress Model of Economic Hardship and the Risky Families 
Model are used to inform the mechanisms of interest. 
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Family Stress Model of Economic Hardship 
Developed by Conger and colleagues, the Family Stress Model of Economic Hardship 
posits that both acute and chronic economic hardship cause economic pressure for parents that 
can then lead to maladjustment for the child (Conger, Rueter and Conger 2000, Conger et al. 
2002). Economic pressure reflects the psychological impact people experience by not being 
able to pay bills and the necessity to forego or cut back on essential items. Conger et al. (2002) 
think the construct is a more objective measure of economic strain. Economic pressure can 
subsequently cause emotional distress and negative affect (depressed mood) in caregivers 
which can lead to aggressive behavior such as conflict or withdrawal with each other (see 
Figure 3.3). This conflict and withdrawal will then spill over to the child (Conger et al. 2002). 
Caregivers’ anger, aggressiveness, withdrawal, and depressed mood will influence the quality of 
care and nurturant-involved parenting that a child receives (Conger et al. 2002, McConnell, 
Breitkreuz and Savage 2011, Newland et al. 2013, Scaramella et al. 2008, Thompson 2014). 
Nurturant-involved parenting is when the parent is supportive, not overly tough, and monitors, 
disciplines and sets limits for the child. A lack of nurturant-involved parenting can have a 
negative impact on a child’s adjustment, defined as internalizing or externalizing behaviors and 
lower positive adjustment (i.e., personal, social and scholastic competence).  
One limitation of the FMS for the proposed dissertation is that the FSM was developed 
for children and adolescents. As such it might not be appropriate for very young children. In their 
measure of child adjustment they include scholastic competence which would not apply to very 
young children. Additionally, the model conceptualizes emotional and behavioral competence 
under the umbrella of child adjustment. Unlike the Risky Families Model that will be described 
next they have grouped the two aspects together.  
The model assumes that economic hardship affects the child through parenting 
behaviors. While the model has been tested on caregivers who are not the biological parents of 
the child, the model does assume two caregivers are present and that part of the effect of 
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economic hardship occurs through the conflict between caregivers. The model might therefore 
not be generalizable to families headed by one caregiver, e.g., a single female, as is prevalent 
among low-income families. Furthermore, the impact of economic pressure on parenting might 
not be through conflict between caregivers but rather by decreasing a parent’s time and energy 
if they have to work multiple jobs.  
The model does not include the physiological mechanisms by which low-nurturant 
parenting could lead to child maladjustment. Not having a responsive caregiver can lead to the 
dysregulation of a young child’s stress response systems (Gunnar and Quevedo 2007). Older 
children are also physiologically vulnerable to stressors, such as conflict or low-nurturant 
parenting, since the function and connections of various regions in the brain, such as the 
prefrontal cortex, are still being formed (Tottenham 2014). These physiological dysregulations 
and malformations can impede children’s emotional and social development, leading to 
behavioral problems, poor emotional regulation, and cognitive difficulties (Gunnar and Quevedo 
2007). Another limitation of the FSM is that it does not include the reciprocal nature of the 
relationships, although the likelihood is mentioned by the authors. If children are aggressive, 
hyperactive, prone to crying they can be a cause of stress for parents, thereby increasing the 
likelihood of parents’ emotional distress, depressed mood and conflict. 
The model might not be generalizable to all children, such as Hispanic children who form 
the majority of WIC participants in Los Angeles County. The model has been tested on white 
children living in the rural Midwest and black children living in an urban or rural area of the 
Midwest (Conger, Rueter and Conger 2000, Conger et al. 2002), and differences have already 
been found. When the model was tested on the NH black urban and rural children, the effect of 
both primary and secondary caregiver depression on parenting was completely mediated by 
conflict in the caregiver relationship. Among NH white rural children, a direct effect of caregiver 
depressed mood on parenting was also found (Conger et al. 2002). 
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Figure 3.3. Family Stress Model of Economic Hardship 
Source: Conger et al. 2002 
 
 
Risky Families Model 
Based on a socioemotional development perspective, the Risky Families Model 
posits that growing-up in families that are cold, unsupportive or neglectful or ones with a lot of 
conflict and aggression (“risky families”), can not only have immediate impact on the child but 
can also lead to poor mental and physical health across the lifecourse by influencing children’s 
biological and psychological development (see Figure 3.4) (Repetti, Taylor and Seeman 2002).  
The stressful family environment may perturb the biological systems that regulate a 
child’s response to stress. Exposure to the chronic stressor can alter the functioning of the 
sympathetic-adrenomedullary system, the hypothalamic-pituitary-adrenocortical system (HPA) 
and serotonergic functioning. For instance, when the HPA axis functions normally, elevated 
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levels of the steroid hormone cortisol shut off the axis through a negative feedback mechanism 
and cortisol returns to basal levels (Bjorntorp 2001). However, chronic exposure to stress can 
induce a dysregulation in the HPA axis where it takes longer for the axis to shut down, therefore 
cortisol levels stay high for a longer period of time (Bjorntorp 2001). Over time, the dysregulation 
of these stress-response symptoms can lead to allostatic load, the premature wear and tear on 
the body, which increases an individual’s risk of chronic disease.  
The exposure to chronic stress can also affect children’s ability to process and 
control emotions, leading to internalizing or externalizing problems. These can subsequently 
influence children’s social competence, which is their ability to cope in a socially-acceptable 
manner during difficult interactions with their family or friends. Children who have a hard time 
controlling their emotions do not have as many friends and are not as well liked (Repetti, Taylor 
and Seeman 2002). Social competence affects interpersonal relationships and access to social 
support, both of which can protect against poor health and the adoption of risky health 
behaviors.  
Adolescents raised in risky families are more likely to abuse drugs, alcohol or 
cigarettes, and to engage in risky sexual behavior. This could be due to insufficient parental 
supervision, association with peers who engage in risky health behaviors, fewer positive means 
of coping with stress, and less social support due to their decreased social competence. It can 
also be a form of self-medication due to the dysregulations of their biological-stress response 
systems. Smoking, drinking and abusing drugs can alleviate symptoms of serotinergic function 
dysregulation. These biological, emotional and social mechanisms can lead to poor physical 
and mental health in adulthood. 
The family’s social context can influence the family environment. Growing up in a 
poor or low-income family increases the likelihood that a child will be exposed to a risky family 
environment since these families are generally facing multiple chronic stressors, e.g., poverty, 
violence, neighborhood disadvantage. Furthermore, individual differences to stressors exist and 
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the impact that the family environment might have may in part be due to genetic susceptibility. 
One study found that children aged 10 months of insensitive mothers were six times more likely 
to exhibit externalizing behaviors (i.e., being aggressive or oppositional) two years later if they 
had a specific allele compared to children who did not have the allele (Bakermans-Kranenburg 
and van Ijzendoorn 2006).   
 
 
Figure 3.4. The Risky Families Model 
Source: Repetti et al. 2002 
 
 
 
The Risky Families Model was developed to explain the long-term health effects that can 
occur after exposure to a poor family environment.  As such it does not focus on the health 
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effects or poor health behaviors that can be seen in early childhood. In the case of obesity, the 
effects of a stressful, or a cold, unsupportive home environment might be seen in early 
childhood. Insecure attachment, which can be caused by maternal unresponsiveness, at 2 
years of age was found to be associated with an increased risk of obesity in children 4.5 years 
of age (Anderson and Whitaker 2011). Furthermore, a chaotic and stressful home environment 
was found to be associated with being overweight in preschool-aged children (Lumeng et al. 
2014). Lack of emotional support in the home for children aged 5-11 years was found to be 
positively associated with child’s risk of obesity (Garasky et al. 2009). 
The model does not mention an unhealthy diet as a risky health behavior.  Chronic 
stress might increase children’s energy intake (Adam and Epel 2007, Lumeng et al. 2014, 
Michels et al. 2015). Approximately 40% of people increase the amount of food they eat when 
exposed to a chronic stressor or when they feel stressed (Dallman 2010). Although studies have 
primarily been conducted among adults, a couple of studies have found stress to be associated 
with emotional eating (eating in the absence of hunger and when feeling stressed, sadness, 
worry, anger, boredom, or happiness) in adolescents (Jaaskelainen et al. 2014, Nguyen-
Rodriguez, Unger and Spruijt-Metz 2009) and that emotional eating is positively associated with 
weight gain in children (Webber et al. 2009). Among low-income preschool-aged children, 
Lumeng et al (2014) found that living in chaotic homes was associated with HPA dysregulation 
and the latter was associated with an increased risk of being overweight. Emotional overeating 
fully mediated the HPA dysregulation and obesity relationship in preschool-aged boys while 
reduced satiety responsiveness partially mediated it for girls (Lumeng et al. 2014). Additionally, 
the authors found that a chaotic home environment was associated with greater food 
responsiveness (i.e., constantly asking for food and always wanting to eat) which was 
associated with increased risk of overweight in both boys and girls. Although it had a relatively 
small sample size, another study found that preschool-aged children who had more 
externalizing behaviors such as being highly emotional, angry or frustrated were more likely to 
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persistently throw tantrums over food (Agras et al. 2004). These children were also more likely 
to be overweight a few years later.  
Finally, the model does not consider the reciprocity of the relationships. Behavior 
problems in children can increase parent’s distress and depressive symptoms, negligent and/or 
harsh parenting practices, and parenting-related stress (Bagner et al. 2013, Baker et al. 2003, 
Gross et al. 2009, Harvey and Metcalfe 2012, Pardini, Fite and Burke 2008, Verhoeven et al. 
2010). Some of the studies found a greater effect among preschool-aged children than older 
children.  
 
Conceptual Framework 
Building on the four theories, I hypothesize that severe housing cost burden will 
influence the risk of childhood obesity through decreased financial resources (Figure 3.5).  This 
economic hardship will increase the risk of stress and depressive symptoms in mothers which 
will then increase the risk of childhood obesity through children’s diet, screen time and stress. 
The neighborhood and family socioeconomic status will influence both the likelihood of a family 
experiencing unaffordable housing and the risk of obesity. 
 From EST’s main tenet that the child’s subsystems influence the child and that they 
can interact, the child’s family SES and race/ethnicity will determine their likelihood of living in 
unaffordable housing and these family characteristics will interact with the neighborhood 
characteristics to influence a child’s diet and physical activity levels. Families of low 
socioeconomic status and of racial/ethnic minority are more likely to live in unaffordable housing 
(Joint Center for Housing Studies 2014). When a family has a difficult time paying for housing, 
they will generally live in homes in poor, disadvantaged and unsafe neighborhoods (Joint Center 
for Housing Studies 2014). Low SES families are more likely to eat low-cost, highly caloric foods 
and the neighborhoods they live in tend to have more fast food restaurants and less access to 
affordable, healthy foods (Darmon and Drewnowski 2008, Lovasi et al. 2009, Morland et al. 
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2002, Schreier and Chen 2013). The neighborhood’s social and physical environment—
violence, social capital, traffic, safe physical activity resources—will affect how often the child 
goes outside to play or whether the child stays inside and this can vary by family’s race/ethnicity 
(Carson et al. 2010, Kimbro, Brooks-Gunn and McLanahan 2011). Historical events like the 
recession might increase risk of childhood obesity through child’s access to foods by decreasing 
household income and changing the neighborhood food environment. However, policy changes 
like the 2009 WIC voucher change might have increased the availability of healthy foods in the 
home and have changed the neighborhood food environment.  
Additionally, I posit that the reduced financial resources from paying for relatively 
severe housing cost will affect the child’s energy intake through the foods the parents buy. 
Families living in unaffordable housing allocate less money to expenses such as food (Harkness 
and Newman 2005). Low-income households severely burdened with housing costs spent 39% 
less on food than families who lived in affordable housing (Joint Center for Housing Studies 
2014).  
Drawing on the Family Stress Model of Economic Hardship, I hypothesize that the 
economic pressure of paying for housing will increase mothers’ stress and risk of depression.  
Parents who feel stressed might be less inclined to cook healthy meals for their children, 
thereby relying more on fast food for their children (Parks et al. 2012). Stressed parents might 
also emotionally overeat and children generally like to eat the foods their parents eat (Schreier 
and Chen 2013, Skinner et al. 1998).  
The more stressors low-income parents experience, the less likely they are to limit their 
children’s screen time (i.e., watching TV and playing computer games) (Lampard, Jurkowski 
and Davison 2013). Watching TV increases the risk of childhood obesity (Dennison, Erb and 
Jenkins 2002, Rey-Lopez et al. 2008, Swinburn and Shelly 2008). Aside from decreasing 
physical activity, watching TV increases the likelihood of snacking and increases children’s 
exposure to commercials of sodas and unhealthy foods (Institute of Medicine 2006, Kit, Ogden 
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and Flegal 2014, Marshall et al. 2004, Parvanta et al. 2010, Thomson et al. 2008). Mixed 
findings exist as to whether playing computer games and using the internet increase the risk of 
obesity in children (Carvalhal et al. 2007, Rey-Lopez et al. 2008, Swinburn and Shelly 2008) 
Stress and depression in parents can lead to parents being harsh and unsupportive, 
although the Family Stress Model hypothesizes that this is through conflict between two 
caregivers. Low-nurturant parenting can subsequently impede a secure attachment of the young 
child with his/her primary caregiver. Indeed, studies have found that parental stress is 
associated with insecure attachment of the child and also with parents’ not being sensitive to the 
child, both of which are associated with increased stress in the child. Insecure attachment and 
maternal unresponsiveness in infancy and toddlerhood is associated with increased risk of 
obesity in preschool-aged children and adolescents (Anderson and Whitaker 2011, Anderson et 
al. 2012). Chronic maternal depression during infancy and preschool years is also positively 
associated with risk of childhood obesity (Lampard, Franckle and Davison 2014). Additionally, 
emotional support has been found to protect against obesity in children (Garasky et al. 2009). 
Although one study found that general family functioning or ineffective parenting style was not 
associated with obesity (Gibson et al. 2007) and another found that maternal-child relationship 
quality was also not associated with it. 
Drawing on the Risky Families Model, harsh and unsupportive parenting might cause a 
dysregulation of the child’s hypothalamus-pituitary-adrenal (HPA) axis, especially in very young 
children who are dependent on their caregivers to regulate their biological response to stress 
(Gunnar and Quevedo 2007, Thompson 2014). The HPA dysregulation can then increase the 
risk of childhood obesity (Miller et al. 2013). A few studies have found that hypocortisolism (low 
levels of cortisol or a blunted cortisol response to stress) is associated with overweight and 
obesity in children (Lumeng et al. 2014, Miller et al. 2013, Ruttle et al. 2013).  
Drawing on EST, the conceptual model includes bidirectional arrows to show that the 
child can influence parent‘s stress and mental health (in this case, the mother’s). Chronic stress 
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not only influences the child’s physiology but it can also impede a child’s emotional and social 
development, leading to behavioral problems, poor emotional regulation, and cognitive 
difficulties (Gunnar and Quevedo 2007). These can subsequently increase a parent’s own 
stress by making it more difficult for the parent to take care of the child. Although not shown in 
the framework, other bidirectional relationships might exist. Child temperament and food 
preferences do influence what the child is given to eat.  Interactions between the mediators 
might exist as well. For instance, child’s food preferences can be influenced by the marketing on 
TV.  
Household tenure, food insecurity and household size are explored as potential 
confounders and moderators of the relationship between severe housing cost burden and 
childhood obesity risk. People who own their own homes have greater wealth than renters and 
this applies to low-income families even after the economic recession (Braveman et al. 2005, 
Herbert, McCue and Sanchez-Moyano 2013, Pollack et al. 2007). Additionally, Pollack at al. 
(2010) found that the association of unaffordable housing with adult health varied by housing 
tenure with homeowners having better health than renters. Unaffordable housing increases the 
risk of food insecurity, especially among low-income families (Kirkpatrick and Tarasuk 2011). 
While findings from studies examining the relationship between food insecurity and childhood 
obesity are mixed, WIC preschool-aged children living in food insecure households are at 
greater risk of obesity, although mother’s weight and severity of food insecurity moderates the 
relationship (Eisenmann et al. 2011, Metallinos-Katsaras, Sherry and Kallio 2009, Metallinos-
Katsaras, Must and Gorman 2012). The more people living in a household, the more likely it is 
to be chaotic (Evans 2004) and household chaos has been found to cause hypothalamus-
pituitary-adrenal (HPA) axis dysregulation in low-income young children (Lumeng et al. 2014). 
Furthermore, mothers living in crowded homes are not as responsive to their children (Evans et 
al. 2010).  
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Figure 3.5. Conceptual framework of unaffordable housing and childhood obesity 
  
Not available in the WIC Survey dataset.  
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CHAPTER 4: Trends in obesity by socioeconomic status among WIC preschool-aged 
children in Los Angeles County, 2003-2014 
 
Background 
The rates of childhood obesity in the U.S. have increased more than three-fold in the last 
forty years (May et al. 2013). Data from the National Health and Nutrition Examination Surveys 
show that among boys aged 2-19 years in the U.S., the prevalence of obesity increased from 
5.4% in 1976-1980 to 16.7% in 2011-2012 (Ogden et al. 2014). A similar pattern is seen among 
girls (Ogden et al. 2014). While trends in obesity rates among all children aged 2-19 years have 
remained relatively stable since 2003, when disaggregated by age group, a statistically 
significant decrease is observed among children aged 2-5 years: from 13.9% in 2003-2004 to 
8.4% in 2011-2012 (Ogden et al. 2014).  
Mirroring these trends, obesity rates among the low-income pre-school aged population 
participating in the Special Supplemental Nutrition Program for Women, Infants, and Children 
(WIC) have also started to decline in recent years (Sekhobo et al. 2013). For example, in Los 
Angeles County, obesity rates among low-income 4-year-old children participating in WIC 
reached a peak of 22.4% in 2009 and then decreased to 20.3% in 2011 (Sekhobo et al. 2013). 
A major legislative change in 2009 affecting the foods offered by the WIC program to 
participating families (72 C.F.R. § 68966) may be at least partially responsible for the 
decreasing rates (Federal Register 2007, Sekhobo et al. 2013, WIC 2014). While its direct 
impact on childhood obesity has yet to be determined, studies have reported that the new food 
package has had a beneficial impact on the availability of healthier foods in the home and in the 
neighborhood, on the price of fresh produce, and on the replacement of whole-fat milk with low-
fat milk (Andreyeva et al. 2014, Chiasson et al. 2013, Odoms-Young et al. 2014, Whaley et al. 
2012, Zenk et al. 2014).  
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While overall obesity rates have declined in Los Angeles County since 2009, the trends 
vary by race and ethnicity (Sekhobo et al. 2013) and neighborhood socioeconomic conditions 
(Chaparro, Wang and Whaley 2013). A recent report showed that obesity rates have continued 
to climb in the most disadvantaged neighborhoods (Chaparro, Wang and Whaley 2013). It is 
likely that in these neighborhoods, WIC-participating families are unable to reap the benefits of 
WIC participation (nutrition education and food vouchers) because of neighborhood-level 
chronic stressors and major household-level stressors such as low income and unaffordable 
housing.  
Disadvantaged neighborhoods are generally defined by a low median household 
income, or by a high proportion of residents with low educational attainment. Living in 
disadvantaged neighborhoods may increase the likelihood of a child developing obesity through 
the inaccessibility of healthy foods or the increased accessibility of unhealthy foods. It is 
documented that disadvantaged neighborhoods often have fewer stores that sell affordable 
fresh produce, more small corner stores that sell unhealthy, energy-dense processed foods, and 
fewer safe recreational areas where children can play  (Lovasi et al. 2009, Moore and Diez 
Roux 2006, Morland et al. 2002, Singh, Siahpush and Kogan 2010a).  
The Great Recession that occurred from 2008 to 2009 only aggravated the situation for 
minority and low-income families as they experienced higher rates of unemployment and 
greater declines in their income and wealth (Joint Center for Housing Studies 2011, Ng, Slining 
and Popkin 2014). Increased rates of childhood obesity among minority children can be partially 
attributed to socioeconomic, and cultural factors (Caprio et al. 2008). A family’s income can 
influence the risk of a child developing obesity by shaping diet and physical activity behaviors, 
and through economic resources which provide access to healthy foods and the ability to live in 
a safe neighborhood with access to stores that carry fresh produce, parks and recreational 
areas (Braveman, Egerter and Barclay 2011, Schreier and Chen 2013). Low-income 
households are more likely to have unhealthy diets, live in poor and unsafe neighborhoods 
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where fresh food and possibilities for exercise are less accessible (Adler and Stewart 2010a, 
Braveman, Egerter and Barclay 2011, Lovasi et al. 2009). The effect on obesity of this 
differential access to resources is apparent among vulnerable low socioeconomic status (SES) 
children. In 2011, 14.2% of preschool-aged children in families ≤ 50% of the federal poverty 
level (FPL) were obese compared to 11.8% of preschool-aged children in families with 151-
185% FPL (CDC 2014).  
Parents’ education also determines children’s access to resources and quality of life. 
Children living in more educated families are less likely to be influenced by factors such as an 
economic recession not only because higher educated individuals have a greater capacity for 
weathering poor labor market conditions (Cutler, Huang and Lleras-Muney 2015) but education 
can also protect against obesity through health literacy, improved health behaviors such as 
healthier diets and physical activity (Chandola et al. 2006, Cutler and Lleras-Muney 2006, 
Kenkel 1991, Lleras-Muney 2005), and less chaotic home environments (Strauss and Knight 
1999). Furthermore, higher educated individuals might be more likely to take advantage of 
services provided by obesity-prevention programs.  
Understanding the impact of these socioeconomic characteristics on childhood obesity 
during significant economic, policy, and environmental changes is critical for building a 
comprehensive framework for investigating the etiology of childhood obesity and designing 
effective population level interventions.  Using data gathered from participants of the Special 
Supplemental Nutrition Program for Women, Infants and Children (WIC), this descriptive study 
examines the trends in obesity among preschool-aged WIC children in Los Angeles County 
from 2003 to 2014 by household and neighborhood socioeconomic characteristics and it 
attempts to answer the following research questions: What are the trends in childhood obesity in 
the Los Angeles County WIC-participating population from 2003 to 2014? How do these trends 
vary according to household and neighborhood socioeconomic characteristics? Do different 
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patterns in these trends emerge among children of different ages and of different 
race/ethnicities?  
 
Methods 
Participants 
The study population consists of children aged 2-5 years participating in WIC in Los 
Angeles County during the years 2003 to 2014. Pregnant, breastfeeding, and postpartum 
women, infants, and children less than five years old who are low-income (≤185% FPL) and at 
nutritional risk are eligible to participate in WIC. “Nutritional risk” is defined by Section 17(b)(8) 
of the Child Nutrition Act of 1966 as amended, with the broadest criteria being “conditions that 
predispose persons to inadequate nutritional patterns or nutritionally related medical conditions” 
(USDA, 2011, p. 2). Nutritional risk is determined during the enrollment process by WIC staff 
and includes not meeting dietary recommendations such as not drinking enough milk or not 
eating enough fruits and vegetables (S Whaley, personal communication). In Los Angeles 
County, over half of all children ages one to five participate in WIC (LA WIC Data, n.d.).   
WIC administrative data were used for this study. The data are maintained by the State 
of California WIC Program. Initiated in 2003 by Public Health Foundation Enterprises-WIC 
(PHFE WIC), the largest local WIC agency in the country, and funded by First 5 LA through a 
research partnership, the WIC Data Mining Project acquires and maintains WIC administrative 
data for all seven local WIC agencies in Los Angeles County through agreements with the State 
of California (www.phfewic.org). This unique database maintains WIC participant records for 
every year since 2003; the data include sociodemographic and anthropometric information on 
the participants.  
For child participants, height and weight data are obtained every six months by WIC staff 
who are trained to follow a standardized protocol for measuring height and weight. Children’s 
height is measured using wall-mounted stadiometers (Model PE-WM-60-76; Prospective 
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Enterprises, Portage, MI) and weight is measured using calibrated beam scales (Health-O-
Meter 402LB; Prospective Enterprises, Portage, MI). These measurements are made during 
clinic visits.  In the event that a child’s height and weight measurements were taken by a health-
care provider within 60 days of his/her WIC visit, the healthcare provider’s measurements can 
be used (Crespi et al. 2012); approximately 20% of measurements are obtained this way. 
Height and weight measurements obtained by PHFE-WIC staff in Los Angeles County on 
children aged 2-5 years have been found to have high validity (Crespi et al. 2012).  
In addition, WIC participants’ addresses have been geocoded at the census tract level 
by the Los Angeles County Internal Services Department (ISD). In 2012, ISD began using 2010 
census tract boundaries. To obtain neighborhood socioeconomic information on the 
participants, we linked the Census Bureau’s American Community Survey (ACS) data using the 
participants’ census tracts. Five-year ACS estimates from 2005-09 were linked to 
measurements from 2003 to 2009 and five-year estimates from 2010-14 were linked to 
measurements from 2010 to 2014. 
Since children at very young ages grow rapidly and are therefore developmentally and 
nutritionally different at every age (Tanner 1990), we examined the trends in obesity separately 
at each child’s age (2 years, 3 years, and 4 years) and used the first measurement if a child was 
weighed and measured more than once in a calendar year. Children who were missing data on 
any variable were excluded from the analyses. We started with a sample size of 2,547,126 
observations and excluded 19.8% because they were missing relevant information such as 
census tract or a covariate, or because they were not a child’s first observation in a calendar 
year. The final sample size was 2,042,767 measurements from 749,904 2-year-old children, 
717,583 3-year-old children, and 575,280 4-year-old children. The same child could be included 
in each of the samples. 
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Variables 
The outcome, child’s obesity status, was defined as having a BMI ≥ 95th percentile of 
CDC’s gender- and age-specific growth reference values (Kuczmarski et al. 2002).  
The main independent variables were household- and neighborhood-level 
socioeconomic characteristics of the participants which represented different facets of a child’s 
socioeconomic status (SES). Household income, which is considered an indicator of a child’s 
standard of living (Duncan et al. 2002), was operationalized as a percentage of the federal 
poverty level (FPL). It includes income from all sources such as wages, unemployment 
compensation, social security benefits, State Disability Insurance, public assistance, and child 
support. Income is assessed at each WIC certification or re-certification appointment and proof 
of income (e.g., pay stubs) must be shown. This measure was categorized as ≤50% FPL, 51-
100% FPL%, 101-135% FPL, and 136-185% FPL. Household education which generally 
indicates parents’ occupation, economic potential, knowledge, and skills (Adler and Newman 
2002, Duncan et al. 2002) was operationalized as the highest grade completed by the caregiver 
who enrolled the child in WIC, and was categorized as less than high school, high school, some 
college, college or more.  
The neighborhood level variables were median household income and unaffordable 
housing and the data were obtained by the Census Bureau’s American Community Survey 
(ACS). These variables provide an indication of environmental resources available to residents. 
Median household income represents the 5-year estimate of the median household income of 
residents living in the child’s census tract and was categorized according to the quartiles of the 
distribution among WIC participants (≤$ 32,738; $32,739-40,278; $40,279-51,534; ≥51,535). It 
should be noted that $55,870 (in 2014 dollars) is the median income in Los Angeles County 
(U.S. Census Bureau 2016) suggesting that many of these are still disadvantaged 
neighborhoods. Neighborhood unaffordable housing represents the 5-year estimate of the 
percentage of residents living in the child’s census tract who live in unaffordable housing (i.e., 
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spending > 30% of income on housing-related costs), and was categorized as ≤ 40%, 40.1-
55.0%, 55.1-70.0%, and ≥ 70.1% of residents. Since median household income does not reflect 
the extent to which people experience economic hardship, trends in obesity were examined by 
this measure of housing burden. 
Given that the relationship of SES with obesity varies by race/ethnicity, we also 
examined the trends by household race/ethnicity (Ogden et al. 2010b, Wang and Zhang 2006), 
which is operationalized as the race/ethnicity of the child’s caregiver and was categorized as 
Hispanic, Non-Hispanic (NH) white, NH black and NH Asian. The trends in obesity over time 
were examined by calendar year which was the year of the child’s clinic visit when weight and 
height measurements were obtained.  
 
Statistical Analysis 
Univariate analysis was used to examine participants’ sociodemographic characteristics 
and bivariate analysis, specifically chi-square tests, was used to assess the relationship 
between childhood obesity and each of the four SES measures. To illustrate how trends in 
obesity might be different by SES, absolute disparities, defined as the difference in the 
prevalence of obesity between the lowest and highest SES group, were examined. Bivariate 
tests for statistical significance were based on a p-value < 0.05. Analyses were conducted using 
SAS version 9.4 (SAS Institute, Cary, NC). 
 
 
Results 
 
Aggregating across all years, the sample had approximately equal percentages of girls 
and boys (see Table 4.1). Obesity prevalence increased with age, with 16.4%, 19.0% and 
20.5% of 2-, 3-, and 4-year-old children, respectively, obese.   
Across all three age groups, approximately 85% of children had caregivers who were 
Hispanic, and more than 70% of children lived in poor households (≤100% FPL), with a quarter 
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of them living in extremely poor households (≤50% FPL) (Table 4.1). More than half of the 
children had caregivers who did not graduate from high school and nearly a third had caregivers 
who had a high-school degree. Only three percent of caregivers had a college degree or more 
(Table 4.1).  
Since quartiles were used, a quarter of children lived in neighborhoods that had median 
household incomes less than or equal to $32,738, and a quarter lived in neighborhoods that had 
median household incomes at least $51,535 (Table 4.1). Across all three ages, the majority of 
children (≈ 88%) lived in neighborhoods that had 40 to 70% of residents living in unaffordable 
housing (Table 4.1). 
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Table 4.1. Sociodemographic characteristics of WIC-participating children by age: Los Angeles 
County, 2003-2014 
 2 years 
N=749,904 
Mean (SD) or % 
3 years 
N=717,583 
Mean (SD) or % 
4 years 
N=575,280 
Mean (SD) or % 
Gender (female) 49.0 49.0 48.9 
% obese 16.4 19.0 20.5 
Household race/ethnicity    
NH white       3.8***      3.6***      3.6*** 
NH black 7.4 7.1 6.7 
NH Asian 4.0 3.8 3.8 
Hispanic 84.9 85.5 85.9 
Household income    
 ≤ 50% FPL      26.5***      26.1***       25.7*** 
50.1 – 100.0% FPL 45.4 46.0 46.7 
100.1 – 133.0% FPL 16.0 16.0 15.9 
133.1 – 185.0% FPL 12.0 11.9 11.6 
Household education    
< high school      54.7***      56.0***      57.3*** 
High school  32.8 32.2 31.3 
Some college 9.4 8.9 8.6 
    College or more 3.2 3.0 2.8 
Neighborhood Median 
Household Income 
   
≤ $ 32,738 25.0 25.1 25.2 
$32,739 - 40,278 24.8 25.0 25.1 
$40,279 - 51,534 25.0 25.0 25.1 
≥ $51,535 25.3 25.0 24.6 
Neighborhood 
Unaffordable Housing† 
   
≥70.1%       7.2***        7.3***       7.3*** 
55.1-70.0% 49.8 50.0 50.2 
40.1-55.0% 38.7 38.5 38.4 
≤ 40.0% 4.3 4.2 4.1 
Chi-Square test of differences: *p-value <0.05; **<0.01; ***<0.001 
Obesity is having a BMI ≥ 95th percentile of CDC’s gender- and age-specific growth reference values 
NH = Non-Hispanic; FPL = Federal poverty level. 
†Percent of residents living in unaffordable housing (i.e., spending > 30% of income on housing costs).                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                        
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Children’s census tracts 
The children lived in 2,643 census tracts in Los Angeles County (see Table 4.2). The 
tracts had a mean population size of approximately 4,560 people and a median household 
income of about $59,000 (Table 4.2). More than 50% of the census tracts had median incomes 
above ≥ $51,535. Approximately 16% of residents lived below the federal poverty level. There 
were approximately 1,600 housing units in the census tracts and the median gross rent, which 
includes the monthly cost of utilities and fuels, was $1,223. The average rent represented nearly 
35% of residents’ income. More than 80% of the census tracts had 40-70% of residents living in 
unaffordable housing (Table 4.2). 
 
Table 4.2. Characteristics of the census tracts in which the sample of WIC-participating 
children lived: Los Angeles County, 2003-2014 
 Mean (SD) or % 
N=2,643 
Population size 4,559 (1,769) 
  
Median household income $59,342 (28,897) 
Neighborhood median household 
income 
 
≤ $ 32,738 14.23 
$32,739 - 40,278 14.83 
$40,279 - 51,534 18.24 
≥ $51,535 52.71 
  
Percentage in poverty 16.4 (12.1) 
  
Total housing units 1,599 (752) 
  
Median gross rent $1,223 (377) 
Rent as percent of income 34.9 (8.0) 
Neighborhood unaffordable housing†  
≥70.1% 3.9 
55.1-70.0% 33.1 
40.1-55.0% 49.1 
≤ 40.0% 13.9 
†Percent of residents living in unaffordable housing (i.e., spending > 30% of income on housing costs). 
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Childhood obesity by race/ethnicity and household- and neighborhood-level SES 
For all three age groups, when examined by household race/ethnicity, obesity rates were 
higher among Hispanics, then NH whites, NH blacks, and Asians (see Table 4.3).  
When examined by the household- and neighborhood-level socioeconomic indicators, a 
statistically significant negative dose-response relationship existed with early childhood obesity 
(Table 4.3), with higher obesity rates among children living in the lowest SES families or 
neighborhoods and lower rates among children living in the highest SES families or 
neighborhoods. Interestingly, the magnitude of the difference in obesity rates between the 
highest and lowest SES families and neighborhoods varied by SES indicator. For household 
income, the difference also decreased with child’s age. Among 2-year-old children, the absolute 
difference in obesity rates between children living in families ≤50% FPL and children living in 
families at 133.1 – 185.0% FPL was 2.1 percentage points.  For 3- and 4-year-old children, it 
was 1.6 and 1.2 percentage points, respectively.  
In contrast, the difference in obesity rates between children in the highest and lowest 
SES families did not vary by age when household education was used as the indicator of 
socioeconomic status (5.5 percentage points) (Table 4.3). For neighborhood median household 
income, the difference in obesity rates between children living in the lowest SES neighborhoods 
and children living in the highest SES neighborhoods was about 2.7 percentage points across 
all three age groups. For neighborhood unaffordable housing, the difference in obesity rates 
between children living in neighborhoods with at least 70% of residents experiencing 
unaffordable housing and children living in neighborhoods with not more than 40% of residents 
experiencing unaffordable housing was 2.5 percentage points for 2-year-old children and 3.0 
percentage points for 3- and 4-year-old children.  
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Table 4.3. Prevalence of obesity among WIC-participating children by age, race/ethnicity, and 
the four socioeconomic indicators: Los Angeles County, 2003-2014 
 2 years 
N=749,904 
% 
3 years 
N=717,583 
% 
4 years 
N=575,280 
% 
Household race/ethnicity    
NH white       11.4***       13.1***       14.2*** 
NH black 10.2 12.0 13.7 
NH Asian 9.74 11.7 12.1 
Hispanic 17.4 20.1 21.6 
Household income    
 ≤ 50% FPL       17.2*** 19.3*** 20.5*** 
50.1 – 100.0% FPL 16.4 19.2 20.9 
100.1 – 133.0% FPL 16.0 18.6 20.1 
133.1 – 185.0% FPL 15.1 17.7 19.3 
Household education    
< high school        17.3*** 19.9*** 21.5*** 
High school  16.0 18.3 19.6 
Some college 14.4 16.9 18.5 
    College or more 11.7 14.4 15.9 
Neighborhood Median 
Household Income 
   
≤ $ 32,738       17.6*** 20.2*** 21.6*** 
$32,739 - 40,278 17.0 19.6 21.3 
$40,279 - 51,534 16.1 18.6 20.2 
≥ $51,535 15.0 17.4 18.9 
Neighborhood 
Unaffordable Housing† 
   
≥70.1% 17.2*** 19.9*** 21.3*** 
55.1-70.0% 16.8 19.4 20.9 
40.1-55.0% 15.9 18.4 20.0 
≤ 40.0% 14.8 16.9 18.3 
Obesity is having a BMI ≥ 95th percentile of CDC’s gender- and age-specific growth reference values 
NH=Non-Hispanic; FPL = Federal poverty level. 
Chi-square test * p < 0.05; ** p < 0.01; *** p < 0.001.  
†Percent of residents living in unaffordable housing (i.e., spending > 30% of income on housing costs). 
 
 
 
Secular trends in obesity 
For all three age groups, obesity rates increased sharply from 2003 to 2005, remained 
relatively constant until 2010 for 2- and 4-year old children and until 2011 for 3-year-old children 
(Figure 4.1). Since then, obesity rates decreased among all three age groups with a slower 
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decline among 4-year-old children. While obesity rates declined since 2010/2011, the 2014 
rates were still higher than 2003 levels for all three age groups. Between 2003 and 2014, 2-
year-old children experienced the greatest overall increase in obesity (2.5 percentage points) 
compared to 3- and 4-year-old children (2.1 and 1.5 percentage points, respectively).  
Among 2-year-old children, obesity prevalence was 13.5% in 2003, reached a peak of 
17.9% in 2010, and then decreased to 15.4% in 2014. Among 3-year-old children, obesity 
prevalence was 15.9% in 2003, reached a peak of 20.5% in 2008, remained relatively constant 
until 2011 and then decreased to 17.9% in 2014. Among 4-year-old children, obesity prevalence 
was 18.2% in 2003, increased to 21.4% in 2008, remained relatively stable until 2010 and then 
decreased to 19.8% in 2014.  
 
Figure 4.1. Trends in obesity prevalence among WIC-participating children by age: Los 
Angeles County, 2003-2014 
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Trends in obesity by household income 
The secular trends in obesity rates varied by household income and child’s age (Figures 
4.2-4). These age differences in trends could be partially attributed to differing rates of decrease 
in obesity rates beginning in 2010 among the children. Among 2-year-old children, obesity rates 
among the four income groups increased until 2006, remained relatively constant until 2010, 
and then decreased at similar rates (Figure 4.2). Among 3-year-old children, obesity rates 
among the four income groups increased until 2008, and then decreased with steeper rates 
among the higher income children (Figure 4.3). Among 4-year-old children, obesity rates among 
the four income groups increased until 2007, and then decreased slowly, although relatively 
steeper rates were observed among children in the highest income families (Figure 4.3). 
Among 2-year-old children of all four income groups, 2014 obesity rates were still not 
back to 2003 levels (Figure 4.2). However, among 3-year-old children, the 2014 obesity rates 
among the highest income group were approximately back to 2003 estimates (Figure 4.3). 
Among 4-year-old children, obesity rates among the two highest incomes groups were 
approximately back to 2003 estimates whereas obesity rates increased among the lower 
income groups (Figure 4.4). These differing patterns resulted in the absolute disparities in 
obesity by household income — the difference in obesity rates between the highest income 
group and the lowest income group—remaining relatively constant between 2003 and 2014 for 
2-year-old children (2.0 percentage points) and increasing for 3- and 4-year-old children (from 
0.7 to 2.9 and from 0.3 to 2.1 percentage points for 3- and 4-year-old, respectively).  
These trends in obesity by household income varied by race/ethnicity. Among Hispanic 
children aged 2-5 years, obesity rates among children of all income groups increased until 2005, 
remained relatively constant until 2011, and then decreased (Figure 4.5). Hispanic children in all 
income groups experienced an overall increase in obesity between 2003 and 2014. Among the 
NH white and NH black children, obesity rates among children of most income groups increased 
until 2007/2008, and then decreased (Figure 4.5). However, there was much variation. Among 
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Asians in the lowest income groups, obesity rates increased until 2006 and then decreased 
(Figure 4.5). Obesity rates for Asian children in the 3 higher income groups remained relatively 
constant until 2009 and then decreased at varying rates. These differing racial/ethnic patterns 
resulted in the absolute disparities in obesity by household income increasing between 2003 
and 2014 among Hispanics (1.7 to 2.2 percentage points), NH whites (1.3 to 3.7), and NH 
blacks (-1.0 to 1.8), and decreasing among Asians (3.1 to 2.0).  
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Figure 4.2. Trends in obesity by household income among WIC-participating children 
aged 2 years: Los Angeles County, 2003-14 
 
Figure 4.3. Trends in obesity by household income among WIC-participating children 
aged 3 years: Los Angeles County, 2003-14 
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Figure 4.4. Trends in obesity by household income among WIC-participating children 
aged 4 years: Los Angeles County, 2003-14 
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Figure 4.5. Trends in obesity by household income and  
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Trends in obesity by household education 
The socioeconomic gradient in obesity was much more distinct with education than it 
was with household income.  While obesity rates were higher among the older children, similar 
secular trends in obesity by household education existed among 2- and 3-year-old children 
(Figures 4.6-7). Obesity rates among 2- and 3-year-old children in the three lower education 
households increased until 2005, remained relatively constant until 2010/2011 and then 
decreased. More variability existed in obesity rates among children in households with at least a 
college education, with an overall increasing trend until 2008/2009 and then a steeper decrease. 
Obesity rates among 4-year-old children in all four education groups increased until 2005. 
Among 4-year-old children in the lower-educated households, obesity rates remained relatively 
constant until 2012/2013 and then decreased. For children in the college-educated households, 
obesity rates continued to increase until 2008 and then decreased at a steeper rate than for the 
three lower-education households (Figure 4.8).  
Between 2003 and 2014, overall obesity rates among most children increased. However, 
differences existed by household education level and age. In 2014, obesity rates among 2- and 
4-year-old children in the highest-educated households were back to 2003 rates. However, 
2014 obesity rates among 2-year-old children in the three lower education groups were more 
than 2 percentage points higher than in 2003, and among 4-year-old children in the two lower 
education groups 2014 obesity rates were about 2 percentage points higher than in 2003. In 
2014, obesity rates among 3-year-old children in the two lower education groups were 2.7 
percentage points higher than in 2003, while obesity rates among 3-year-old children for the two 
higher education groups were 1-2 percentage points higher.   
The trends resulted in the absolute disparities in obesity by household education— the 
difference in obesity rates between the highest education group and the lowest education 
group—increasing between 2003 and 2014 for all three age groups (from 3.5 to 6.0 for 2-year-
old children, from 4.6 to 5.5 for 3-year-old children and from 3.7 to 6.4 for 4-year-old children). 
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Interestingly, absolute disparities did not increase substantially for 3-year-old children. 
Furthermore, contrary to income, education disparities existed in 2003. 
These trends in obesity rates by household education varied by race/ethnicity (Figure 
4.9). Among children aged 2-5 years, obesity rates among most education groups for Hispanics, 
NH blacks and NH whites increased until 2008/09 and then decreased until 2014. Obesity rates 
among Asians reached a peak in 2005 and then subsequently decreased. The overall change in 
obesity rates between 2003 and 2014 for the four education categories was very small among 
NH blacks, and decreased substantially among NH Asians. Obesity rates among NH white 
children in the highest-educated households decreased between 2003 and 2014 more than for 
the lower-educated households. Among Hispanic children, obesity rates for all four groups 
increased between 2003 and 2014 with those in the lowest groups experiencing a greater 
increase. Hence the absolute disparities in obesity by education widened between 2003 and 
2014 for Hispanics (2.5 to 4.2 percentage points) and NH whites (1.9 to 4.3), and remained 
relatively constant for NH blacks (-.8 to -.8) and Asians (2.3 to 2.0). 
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Figure 4.6. Trends in obesity by household education among WIC-participating children 
aged 2 years: Los Angeles County, 2003-14
 
 
Figure 4.7. Trends in obesity by household education among WIC-participating children 
aged 3 years: Los Angeles County, 2003-14 
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Figure 4.8. Trends in obesity by household education among WIC-participating children 
aged 4 years: Los Angeles County, 2003-14 
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Figure 4.9. Trends in obesity by household education  
 
 
 
0.0
5.0
10.0
15.0
20.0
25.0
2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
P
e
rc
e
n
t 
o
f 
ch
ild
re
n
 w
h
o
 a
re
 o
b
e
se
Year
HISPANIC
< High school
High school
Some college
College or more
0.0
5.0
10.0
15.0
20.0
25.0
2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
P
e
rc
e
n
t 
o
f 
ch
ild
re
n
 w
h
o
 a
re
 o
b
e
se
Year
BLACK
< High school
High school
Some college
College or more
and race/ethnicity among WIC-participating children aged 2-5 years, 2003-14 
0.0
5.0
10.0
15.0
20.0
25.0
2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
P
e
rc
e
n
t 
o
f 
ch
ild
re
n
 w
h
o
 a
re
 o
b
e
se
Year
WHITE
< High school
High school
Some college
College or more
0.0
5.0
10.0
15.0
20.0
25.0
2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
P
e
rc
e
n
t 
o
f 
ch
ild
re
n
 w
h
o
 a
re
 o
b
e
se
Year
ASIAN
< High school
High school
Some college
College or more
 62 
Trends in obesity by neighborhood median household income 
The trends in obesity by neighborhood median household income varied by child’s age 
(Figures 4.10-12). Among 2- and 3-year old children, obesity rates for children in most 
neighborhoods increased until 2008 and then decreased at similar rates (Figures 4.10-11). 
Among 3-year-old children in the highest income neighborhoods, obesity rates remained 
relatively stable after the initial increase in 2005 until a drop in 2013. Among 4-year old children, 
obesity rates increased until 2008 (with a slower rate of increase from 2005-08), remained 
relatively constant until 2010, and then decreased (Figure 4.12). The decrease among 4-year-
old children in the highest-income neighborhoods was at a much slower rate compared to the 
other neighborhoods.  
Even though obesity rates decreased since 2008, 2014 obesity rates for most 
neighborhoods were still not back to 2003 rates. Among 2-year-old children, 2014 obesity rates 
were 2.7 percentage points higher among children living in the second highest income 
neighborhoods (i.e., $40,279-51,534). Among 3-year-old children, 2014 obesity rates for the 
three lowest income neighborhoods were about 2.5 percentage points higher than in 2003. 
While 2014 obesity rates among 4-year-old children living in the second lowest income 
neighborhoods were 2.7 percentage points higher than in 2003, rates were back to 2003 levels 
among their counterparts living in the second highest income neighborhoods.  
These differing patterns resulted in the absolute disparities in obesity by neighborhood 
median household income — the difference in obesity rates between the highest income 
neighborhood and the lowest income neighborhood— remaining relatively constant between 
2003 and 2014 for 2- and 4-year-old children (2.2 and 1.7 percentage points, respectively) and 
increasing from 1.7 to 3.2 for 3-year-old children. However, absolute disparities were at their 
greatest in 2008 for 2- and 3-year-old children (nearly 4 percentage points for both) and in 2010 
for 4-year-old children (3.5 percentage points).  
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These trends in obesity by neighborhood median household income varied by 
race/ethnicity (Figure 4.13). Among Hispanic children aged 2-5 years, obesity rates for the 
higher income neighborhoods increased until 2005, remained relatively stable until 2010, and 
then decreased. For Hispanic children in the lowest income neighborhoods, rates increased 
until 2008 and then decreased. Among NH blacks, obesity rates increased until 2008 and then 
decreased, although the trends varied by neighborhood income. Obesity rates among Asians 
increased slightly until 2005 and then decreased. Among NH whites, obesity rates among the 
different neighborhoods varied quite substantially but overall increased until 2005 and then 
started to decrease by 2008-11 at varying degrees.  
The overall change in obesity rates between 2003 and 2014 varied by neighborhood 
median household income and race/ethnicity. The 2014 obesity rates among Hispanic children 
in all neighborhoods were 2.0-2.6 percentage points higher than in 2003, with the smallest 
increase among children in the highest income neighborhoods. Among Asian children, the 2014 
obesity rates were 2.7 to 6.0 percentage points lower than the 2003 rates. Among NH black 
children, 2014 obesity rates were 1.9 percentage points higher than in 2003 for children living in 
the second lowest income neighborhoods. Among NH white children, the 2014 obesity rates 
were 2.2 percentage points lower than in 2003 among those children living in the second 
highest income neighborhoods.  
Additionally, the absolute disparities in obesity by neighborhood median household 
income increased between 2003 and 2014 among Hispanics (1.5 to 2.0 percentage points), NH 
whites (2.8 to 3.2), and NH blacks (0.2 to 2.0), and decreased among Asians (1.9 to 1.3). In 
2008, these disparities were wider among Hispanic (3.3 percentage points), NH white (5.0 
percentage points) and NH black (2.3) children. Among Asian children, the disparities were -1.6 
percentage points in 2008 but wider in 2010 at 2.9 percentage points. 
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Figure 4.10. Trends in obesity by neighborhood median household income among WIC-
participating children aged 2 years: Los Angeles County, 2003-14
 
Figure 4.11. Trends in obesity by neighborhood median household income among WIC-
participating children aged 3 years: Los Angeles County, 2003-14 
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Figure 4.12. Trends in obesity by neighborhood median household income among WIC-
participating children aged 4 years: Los Angeles County, 2003-14 
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Figure 4.13. Trends in obesity by neighborhood median  
 
household income and race/ethnicity among children aged 2-5 years, 2003-14 
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Trends in obesity by neighborhood unaffordable housing 
The trends in obesity by neighborhood unaffordable housing varied by child’s age 
(Figures 4.14-16). Across all three age groups, obesity rates among children living in most 
neighborhoods increased until 2007-08. Obesity rates started to decrease around 2010-11 for 2-
year old children (Figure 4.14), and 2009-10 for 3- and 4-year-old children (Figures 4.15 and 
4.16). The rates of decrease tended to be similar for all four neighborhoods except for a sudden 
decrease in 2013 among 2-year-old children in the highest SES neighborhood, and a steeper 
decrease among 4-year-old children in the highest SES neighborhood, followed by a sudden 
increase in 2013. 
Even though obesity rates decreased since 2009-11, 2014 obesity rates for all 
neighborhoods were still not back to 2003 rates. Among 2- and 3-year-old children in the lowest 
SES neighborhoods, 2014 obesity rates were about 3 percentage points higher than in 2003. 
The gain in obesity rates between 2003 and 2014 was smaller among the higher SES children. 
For example, among 4-year-old children, 2014 obesity rates were 2.2 and 3.7 percentage points 
higher than in 2003 for those living in the highest SES and lowest SES neighborhoods, 
respectively.  
Absolute disparities in obesity by neighborhood unaffordable housing — the difference in 
obesity rates between the neighborhoods with the least unaffordable housing and the 
neighborhoods with the most unaffordable housing—were negligible for 3- and 4-year old 
children in 2003. However, the differing trends resulted in the absolute disparities increasing 
between 2003 and 2014 among all three age groups (2.4, 3.0, and 1.6 percentage points for 2-, 
3- and 4-year-old children, respectively). 
The trends in obesity by neighborhood unaffordable housing varied by race/ethnicity 
(Figure 4.17). Among Hispanic children aged 2-5 years, obesity rates for most neighborhoods 
increased until 2005, remained relatively stable until 2011, and then decreased. However, 
obesity rates among Hispanic children living in the lowest SES neighborhoods increased until 
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2007, and then decreased. Among NH black children, obesity rates increased until 2008 and 
then decreased with much variation during the time period. Obesity rates among NH white 
children living in the three highest SES neighborhoods increased until 2005, remained relatively 
stable and then decreased starting in 2010. Among their counterparts living in the lowest SES 
neighborhoods, obesity rates varied substantially during the 12-year period but started to 
decrease in 2011.  Obesity rates among Asians in the three higher SES neighborhoods 
remained relatively stable until 2009 and then started to decrease. Obesity rates among Asians 
in the lowest SES neighborhoods increased until 2006, then decreased until 2012, and have 
since increased. 
The 2014 obesity rates among Hispanic children were higher 2-3.5 percentage points 
higher than in 2003, with the greatest increase occurring among children in the lowest SES 
neighborhoods. Among NH white children, the 2014 obesity rates were 3 percentage points 
lower than in 2003 for those in the highest SES neighborhoods and 2.4 percentage points 
greater for those in the lowest SES neighborhoods. Among NH black children, the 2014 obesity 
rates were back to 2003 levels for the three highest SES neighborhoods, however, they were 2 
percentage points higher for the lowest SES neighborhoods. Among Asian children, the 2014 
obesity rates were 3 to 6.5 percentage points lower than 2003 levels, with the greatest decrease 
among children living in the lowest SES neighborhoods.  
Additionally, the absolute disparities in obesity by neighborhood unaffordable housing 
increased between 2003 and 2014 among Hispanics (0.4 to 2.0 percentage points), NH whites 
(1.2 to 4.3), and NH blacks (0.5 to 3.4), and decreased among Asians (3.0 to -0.3).  
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Figure 4.14. Trends in obesity by neighborhood unaffordable housing among WIC-
participating children aged 2 years: Los Angeles County, 2003-14 
 
Figure 4.15. Trends in obesity by neighborhood unaffordable housing among WIC-
participating children aged 3 years: Los Angeles County, 2003-14 
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Figure 4.16. Trends in obesity by neighborhood unaffordable housing among WIC-
participating children aged 4 years: Los Angeles County, 2003-14 
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Figure 4.17. Trends in obesity by neighborhood  
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Discussion 
In general, this study found that obesity rates among preschool-aged children 
participating in WIC in Los Angeles County increased until about 2008, remained relatively 
constant for a couple of years and then decreased beginning in 2010/11. The decreasing trend 
we found during the past few years is consistent with other studies that have examined trends in 
obesity rates among preschool-aged children (Ogden et al. 2014, Sekhobo et al. 2013). While 
obesity rates for preschool-aged children in the U.S. have decreased since 2003, among our 
low-income population 2014 obesity rates were, in general, not back to 2003 levels. However, 
differences in the trends in obesity rates existed by household- and neighborhood-level SES, 
child’s age, and household race/ethnicity. Additionally, 2014 obesity rates among some higher 
SES children were back to 2003 levels, and even below them. A negative dose-response 
relationship with obesity was found by household- and neighborhood-level SES. 
 When examining the trends in obesity by household income, we found that 2014 obesity 
rates among 3- and 4-year-old children in the highest income households were back to 2003 
levels. However, obesity rates increased among children living in lower-income households 
thereby widening the disparities in obesity between the highest and lowest income children over 
time. These differing trends could possibly be attributed to efforts to improve the food 
environment being more effective among higher-income children since their families have more 
financial resources to spend on healthy food.  
A larger gradient in obesity by household income was observed among 2-year-old 
children than among 3- and 4-year-old children, suggesting that income might be more 
important among the younger children. While income disparities in obesity existed among WIC 
children, the difference in obesity rates between children in the highest SES families and lowest 
SES families was smaller than found for household education and for the neighborhood SES 
measures suggesting that income has a smaller effect on early childhood obesity among this 
population. The supplemental foods and nutrition education obtained from WIC may buffer the 
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absolute deprivation experienced by these families. It is also possible that among WIC-
participating children, other factors might be more important like household education and the 
neighborhoods in which they live.  
Differences in obesity by household education existed in 2003, with a more pronounced 
dose-response relationship than was found for household income. In general, the pattern 
remained from 2003 to 2014. The reason that household education might be more important 
than household income could be, as discussed by Cohen et al. (2013) in their systematic review 
of educational attainment and adult obesity, that education might be more important among 
those with fewer resources (Cohen et al. 2013, Mirowsky and Ross 2003), or when prevention 
and treatment are known (Cutler and Lleras-Muney 2006). Education affects health through 
socioeconomic factors such as income and occupation (Adler and Newman 2002, Cohen et al. 
2013). Since all of the children in our study are low income and the income gradient is not as 
pronounced as that of education, the education gradient in obesity could be due to households 
with higher education creating an “obesoprotective” environment for their children by engaging 
in healthier behaviors (Duncan et al. 2002).   
Households with greater educational attainment may also be more likely to benefit from 
the interventions and policy, systems and environmental changes that have occurred in Los 
Angeles County (Cutler and Lleras-Muney 2006). Considerable resources have been invested 
in initiatives to address early childhood obesity in under-resourced communities in Los Angeles 
County (ChooseHealthLA! 2011, First 5 LA 2014). Many of these initiatives have attempted to 
address the lack of accessible healthy and fresh food as well as of recreational facilities for 
exercise in under-resourced communities (ChooseHealthLA! 2011, First 5 LA 2014).The 
decreasing obesity rates among 2- and 3-year-old children living in less educated households 
could mean that recent obesity prevention efforts are beginning to have an impact on mothers of 
all education levels. 
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Similar to other studies, we found that neighborhood socioeconomic conditions influence 
child’s weight early on and that there is a negative relationship with obesity (Chaparro et al. 
2014, Kimbro and Denney 2013, Nobari et al. 2013). Interestingly, we found that the disparities 
in obesity rates by neighborhood median household income were greatest for all three age 
groups around 2008-10. The disproportionate impact of the economic recession on the 
landscape in disadvantaged neighborhoods through the closing of food stores and foreclosures 
might be partially responsible for this by influencing diet and physical activity. The density of 
unhealthy food establishments started to decrease in Los Angeles County around 2007/08 
whereas that of healthy food establishments started to increase at that time (Nobari et al. 2014). 
The 2009 WIC food package change also had a positive impact on increasing access to healthy 
foods in WIC-participants’ neighborhoods (Andreyeva et al. 2012, Rose et al. 2014, Schultz, 
Byker Shanks and Houghtaling 2015, Zenk et al. 2014). As previously mentioned, during the 
last few years, multiple efforts and investments have been put into low-income communities in 
Los Angeles County to fight obesity as well as efforts by the Sheriff’s Department to make parks 
safer in low-income neighborhoods (Ortega et al. 2015, Quinones 2015). These efforts could be 
partly responsible for the steeper decrease in obesity among the lowest SES children. Indeed, 
one study that examined trends in obesity rates among WIC-participating preschool-aged 
children in Los Angeles County from 2002 to 2011 hypothesized that the differing trends in 
obesity among adjacent census tracts could be due to different community-level efforts 
occurring in nearby neighborhoods (Chaparro, Wang and Whaley 2013). Given that 2014 
obesity rates were still higher than in 2003 among those living in the higher SES neighborhoods, 
more community-level efforts are needed to overcome the deprivation and obesogenic-nature of 
these neighborhoods.   
The use of neighborhood unaffordable housing to examine trends in early childhood 
obesity followed a similar pattern as with neighborhood median household income. This 
indicator may reflect the actual economic hardship and financial strain experienced by residents. 
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The increase in disparities in obesity by neighborhood unaffordable housing between 2003 and 
2014 reflects the increasing impact of neighborhood financial strain on early childhood obesity.  
When the socioeconomic trends in obesity were examined by household race/ethnicity, 
different patterns emerged. In general, Hispanic children aged 2-5 years experienced an 
increase in obesity rates and increasing disparities for all four SES measures. During the 
twelve-year time period, NH black and NH white children experienced relatively small overall 
changes in obesity rates and a widening of disparities. Asian children experienced a substantial 
overall decrease in obesity rates for all categories of the four SES measures, and a reduction in 
disparities for these SES measures. One possible reason for this overall decrease is that Asian 
households are more likely to live in Asian ethnic enclaves in Los Angeles and these 
neighborhoods may have greater socioeconomic resources, in addition to having fewer 
unhealthy stores (Nobari et al. 2013, Nobari et al. 2014).  
We found a consistent negative dose-response relationship between obesity and each of 
the socioeconomic indicators over the 12-year-time period among Hispanic children. Depending 
on the SES indicator, the relationship between SES and obesity appeared to vary between 2003 
and 2014 among NH black, NH white and Asian children. The variability in obesity rates by SES 
during the twelve-year period for NH black, NH white, and Asian children, could partly be 
attributed to the effect of SES on early childhood obesity changing during this twelve-year 
period. It might also be due to the relatively smaller sample size of NH black, NH white and 
Asian children. 
During this study’s twelve-year period, 2-year-old children experienced the greatest 
overall increase in obesity compared to 3- and 4-year-old children suggesting that greater 
efforts should be made to prevent obesity in the first two years of childhood. Research has often 
examined the association of disadvantage in early childhood with outcomes later in life (Lee et 
al. 2014); however, this study lends support that early disadvantage increases the risk of obesity 
in early childhood. We found socioeconomic disparities were pronounced in children as young 
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as 2 years of age and Jones-Smith et al. (2014) found that trajectories of obesity risk by 
socioeconomic status begin to diverge as early as 9 months of age. Obesity prevention efforts 
should therefore include a focus on obesity risk factors during pregnancy and child’s infancy 
such as mother’s weight gain, exclusive breastfeeding, timing of complementary foods, and 
mother’s chronic psychological stress. 
This study had a number of strengths. We examined the trends in obesity by four 
different measures of SES with each reflecting a different dimension of SES. Most studies have 
examined trends by household income and none have examined trends by both a household- 
and a neighborhood-level SES measure. The different patterns observed by these different SES 
measures can help shed light on the etiology of childhood obesity. Additionally, our large 
sample size enabled us to have four categories for each SES measure and not three as is often 
the case in the literature (Braveman et al. 2010). Using more categories enabled us to 
determine that a dose-response relationship exists, especially after the late 2000’s, which 
suggests a causal relationship between the SES indicator and childhood obesity (Braveman, 
Egerter and Williams 2011). We also examined trends in socioeconomic disparities stratified by 
race/ethnicity and found that socioeconomic disparities do exist among racial and ethnic 
minorities. Our findings lend support to the argument that socioeconomic disparities exist 
among racial/ethnic minorities and that they are not solely due to racial/ethnic disparities in 
obesity as posited by some researchers (Yongqing, Gordon and Sun 2014). Lastly, measured 
heights and weights of high validity were used (Crespi et al. 2012).  
The study had a few limitations. First, our findings may not be generalizable to low-
income children in other parts of the U.S. Second, there was great variability in the trends in 
obesity among the groups that had smaller sample sizes (see Appendix for tables of the 
samples sizes by SES, year, and child’s age). For instance, among children whose caregivers 
had at least a college degree, the trends in obesity prevalence spiked or dipped, depending on 
age, around the time of the 2008-09 economic recession. It is possible that these changes were 
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due to more college-educated individuals enrolling in WIC during that time period and thereby 
changing the trends in obesity. In 2009, the number of children with college-educated caregivers 
did increase by a few hundred for each of the three age groups (Appendix Table A.3). However, 
this represented only a few tenths of a percentage point. Instead, it could be that the relatively 
small sample size of approximately 1,500 to 2,100 children for this advantaged group lead to 
more unstable trends. While these are much smaller sample sizes than our total sample, 
childhood obesity trend studies using NHANES data oftentimes use unweighted sample sizes 
for children in the order of 350 to 700 children (Ogden et al. 2012).  
Lastly, we discussed the absolute disparities in obesity, the change in the difference in 
obesity rates between the highest and lowest SES children, to describe the trends and illustrate 
how disparities changed over time. Future research should test whether disparities have 
statistically changed during this time period, adjusting for race/ethnicity, and should consider all 
four categories of the socioeconomic indicators as opposed to just the difference between the 
highest and lowest SES children. 
  
Conclusion 
In the fight against childhood obesity, the social and economic circumstances of families 
should be targeted. Efforts should be made to improve low-income mother’s educational 
attainment and to continue to improve the physical and social environment of disadvantaged 
neighborhoods. Prevention efforts should also occur during the first two years of childhood as 
by age 2 socioeconomic differences in obesity are already evident. Among low-income 
populations, every effort should be made to target the more vulnerable members as our findings 
suggest that they are at increased risk of obesity and may not be reaping the greatest benefit 
from obesity-prevention interventions. Future research should explore the specific factors, 
programs and interventions that are responsible for the decreasing trend in early childhood 
obesity in Los Angeles County.  
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CHAPTER 5: Widening socioeconomic disparities in early childhood obesity in Los 
Angeles County, 2003-2014 
 
Background 
In the fight against the global epidemic of obesity, it has become clear that 
socioeconomic factors contribute significantly to differences in obesity prevalence (Cohen et al. 
2013, Sobal and Stunkard 1989). In industrialized countries, obesity prevalence tends to be 
higher among those of lower socioeconomic status (SES), especially women (Cohen et al. 
2013, Sobal and Stunkard 1989). Regardless of whether income or education is used as the 
indicator of SES, in the United States the prevalence of obesity is nearly 1.5 times higher 
among women of lower SES compared to women of higher SES (May et al. 2013, Ogden et al. 
2010a).  On the other hand, there is some evidence to suggest that obesity prevalence may be 
slightly higher among men of higher SES (May et al. 2013, Ogden et al. 2010a). 
Among children, obesity prevalence is higher among children living in low SES 
households (Ogden et al. 2010b, Strauss and Knight 1999, Wang and Zhang 2006). Using 
2005-08 NHANES data and household income as an indicator of household SES, Ogden et al. 
(2010b) reported that obesity prevalence was about 20% among 2-19 year-old girls and boys 
living in low-income families compared to about 12% among children living in higher-income 
families.  
Since childhood obesity tracks into adulthood, with obese preschool-aged children more 
than four times as likely to become obese adults (Freedman et al. 2005, Guo et al. 2002, Juhola 
et al. 2011), increasing attention is being directed at investigating and understanding the 
socioeconomic disparities in obesity in this age group. Socioeconomic health disparities refer to 
differences in health that “adversely affect socially disadvantaged groups” (Braveman et al. 
2011, Braveman 2014). Socioeconomic disparities in obesity risk suggest a need for the 
development and implementation of interventions that address the specific needs of the most 
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socially and economically vulnerable groups, in order to ensure their ability to “attain the highest 
possible standard of health” (Braveman 2014).  
Recent studies have found that socioeconomic disparities in childhood obesity may be 
widening (Babey et al. 2010, Frederick, Snellman and Putnam 2014, May et al. 2013, Ogden et 
al. 2010b, Singh, Siahpush and Kogan 2010b), although findings are inconsistent as they 
depend on the measures used and the time period studied (Rossen and Schoendorf 2012, 
Wang and Zhang 2006, Zhang and Wang 2007). To date, few studies have examined 
socioeconomic disparities with a focus on preschool-aged children. Despite national prevalence 
rates of early childhood obesity showing a decrease (Ogden et al. 2014), it is possible that 
socioeconomic disparities in early childhood obesity might be increasing.  
In 2011, 15% of preschool-aged children living in low-income households were obese 
(Pan et al. 2015) compared to 8% for all preschool-aged children in the United States (Ogden et 
al. 2014). In Los Angeles County, 19% of preschool-aged children who participate in the Special 
Supplemental Nutrition Program for Women, Infants, and Children (WIC) are obese (LA County 
WIC Data 2016). WIC serves more than half of all young children in Los Angeles County and 
provides nutritional support and education, breastfeeding support and referrals to medical and 
social services to low-income [≤185% federal poverty level (FPL)] and nutritionally at-risk 
pregnant, breastfeeding, and postpartum women, and infants and children less than five years 
old. Previously, in chapter 4 of this dissertation, we found that obesity prevalence among WIC 
children in Los Angeles County increased from 2003 until 2008 and then began to decrease in 
2010-11. However, differing patterns in the trends in obesity by socioeconomic status may have 
resulted in a widening of the disparities between higher and lower SES children. 
This widening in socioeconomic disparities among low-income children coincides with 
the 2008-09 economic recession. During the recession, low SES families experienced higher 
rates of unemployment and underemployment, resulting in higher losses in their income (Bohn 
and Schiff 2011, Joint Center for Housing Studies 2011, Ng, Slining and Popkin 2014). 
  
80 
California was one of the hardest hit states in the nation, experiencing some of the greatest 
increases in unemployment and income inequality (Bohn and Schiff 2011). Low income families 
in California experienced losses of 22% in their income while median-income families 
experienced losses of 11% (Bohn and Schiff 2011). Incomes have improved slightly since the 
recession but they are far from pre-recession levels, with low-income families experiencing the 
least improvement (Bohn and Danielson 2016). Child poverty rates in California are still higher 
than before the recession (23% in 2014 compared to 17% in 2007) (Bohn, Danielson and Bandy 
2015).   
Living in households that are poor or low-income, or that are headed by parents that 
have low educational attainment, increases the risk of obesity among children (CDC 2014, 
Ogden et al. 2010b). Children in these households are more likely to have unhealthy diets, be 
less physically active, experience more chaos and chronic stressors, and live in disadvantaged 
neighborhoods that are less likely to have access to healthy foods, safe recreational spaces, 
and social capital—all of which are risk factors for childhood obesity (Adler and Stewart 2010a, 
Braveman, Egerter and Barclay 2011, Lovasi et al. 2009, Schreier and Chen 2013). The 
economic recession might have also increased obesity risk among children living in low-income 
households since disadvantaged neighborhoods were disproportionately impacted through the 
closing of food stores and foreclosures (Tsai 2015), which may have influenced children’s 
access to healthy foods, the safety of the neighborhoods, and parents’ stress levels.  
Using data gathered from WIC participants in Los Angeles County, this study seeks to 
determine whether household and neighborhood-level socioeconomic disparities in obesity 
rates among preschool-aged children have changed since 2003 by comparing the years prior to 
the 2008-09 economic recession to those following the recession.  
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This study tests the following hypotheses: 
 
Hypothesis 1: Disparities in early childhood obesity between higher and lower 
socioeconomic households are greater in the years following the 2008-09 economic 
recession compared to the years prior to the recession.  
 
Hypothesis 2: Disparities in early childhood obesity between higher and lower 
socioeconomic neighborhoods are greater in the years following the 2008-09 economic 
recession compared to the years prior to the recession. 
 
Methods 
WIC administrative data from 2003 to 2014 for Los Angeles County were used for this 
study. The data belong to the State of California WIC Program and are maintained by the WIC 
Data Mining Project, a research partnership which is funded by First 5 LA. Sociodemographic 
and anthropometric information on all participants since 2003 are included in the database. 
Height and weight measurements for children are obtained every six months by WIC staff who 
follow a standardized protocol for taking anthropometric measurements. These measurements 
have high validity (Crespi et al. 2012). Additional information on the data, the WIC Data Mining 
Project, and the protocol used for measurements can be found in chapter 4 of this dissertation.  
WIC participants’ addresses are geocoded at the census tract level. To obtain 
neighborhood socioeconomic information on the participants, we linked the Census Bureau’s 
American Community Survey (ACS) data to participants’ census tract of residence. Five-year 
estimates of ACS from 2005-09 were linked to measurements from 2003 to 2009 and 2010-14 
five-year estimates of ACS were linked to measurements from 2010 to 2014. 
The analyses were stratified by child’s age (2, 3, and 4 years) since, due to their rapid 
growth, young children are developmentally and nutritionally different at every age (Tanner 
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1990). In preliminary analyses, logistic regressions were carried out to examine the association 
of childhood obesity and the interaction between socioeconomic variables and calendar year. 
Different transformations for year (as dummy variables, linear, quadratic, cubic, and binary) 
were used in the analyses. Based on Akaike information criterion (AIC) and predicted probability 
charts, the binary year variable (2003-07 vs 2010-14) provided one of the best fits for the data 
since it allowed for flexibility to model the increasing trends up until 2008 and the decreasing 
trends beginning in 2010.  
Observations were included if they represented a child’s first weight/height measurement 
in a calendar year and if the measurement occurred in the years 2003-07 or 2010-14. Children 
with missing data on any of the relevant variables were excluded. The total sample size was 
1,658,101, with 605,326 children aged 2 years, 584,349 aged 3 years, and 468,426 children 
aged 4 years. Since children can participate in WIC up until their 5th birthday, the same child 
could be included in the different samples. 
 
Variables 
Body mass index [BMI = weight (kg)/height (m) 2] was calculated from measured weight 
and height for each child. Obesity status was determined by a BMI ≥ 95th percentile of CDC’s 
gender- and age-specific growth reference values (Kuczmarski et al. 2002).  
Four different aspects of SES were examined, two at the household level and two at the 
neighborhood level. Each measure reflects a different facet of the child’s standard of living and 
environment. Household income includes income from all sources such as wages, 
unemployment compensation, social security benefits, State Disability Insurance, public 
assistance, and child support and was operationalized as a percentage of the Federal Poverty 
Level (FPL) [≤50% FPL, 51-100% FPL%, 101-135% FPL, and 136-185% FPL]. Household 
education indicates the highest grade completed by the child’s caregiver at the time of 
enrollment, and was categorized as less than high school, high school, some college, college or 
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more. Neighborhood median household income is the 5-year estimate of the median household 
income of residents living in the child’s census tract and was categorized according to the 
quartiles of the distribution among WIC participants (≤$ 32,738; $32,739-40,278; $40,279-
51,534; ≥51,535); as a reference, the highest neighborhood income group has a lower median 
income than that of all of Los Angeles County ($55,870 in 2014 dollars) (U.S. Census Bureau 
2016). Neighborhood unaffordable housing, an indicator of residents’ economic hardship, is the 
5-year estimate of the percentage of residents living in the child’s census tract that live in 
unaffordable housing (i.e., spending > 30% of income on housing-related costs), and was 
categorized as ≤ 40%, 40.1-55.0%, 55.1-70.0%, and ≥ 70.1%. For these four socioeconomic 
variables, dummy variables were used in the analyses with the highest SES group considered 
the reference. 
A binary 5-year period variable (2003-07 vs. 2010-14) based on the calendar year the 
child was weighed and measured was used. The analyses were stratified by age and age was 
calculated as the difference between the child’s date of birth and the date of measurement. The 
analyses were adjusted for child’s gender and caregiver race/ethnicity since these are 
associated with obesity (Kit, Ogden and Flegal 2014, Linabery et al. 2013, Wang and Zhang 
2006). Caregiver race/ethnicity was categorized as Hispanic, Non-Hispanic (NH) white, NH 
black and Asian and three dummy variables were created with Hispanic as the reference group 
since the majority of the children were from Hispanic households.  
 
Statistical Analysis 
Chi-square tests were used to examine whether participants’ sociodemographic 
characteristics were different during the two time periods. To determine whether socioeconomic 
disparities in obesity have changed since the recession, we examined whether the effect of SES 
on obesity was different for the two time periods (2003-07 vs 2010-14). For each SES variable, 
logistic regression analyses were conducted to examine the association of childhood obesity 
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and the interaction term of SES with the 5-year period variable, stratified by child’s age and 
adjusted for child’s gender and caregiver’s race/ethnicity. Logistic regression analyses were 
conducted for all of the SES variables: household income, household education, neighborhood 
median household income and neighborhood unaffordable housing. The following is the 
equation of the multivariate logistic regression which was used for each of the 4 independent 
SES variables: 
 
logit[P(Y=1)] = β0 + β 1 (SESi) + β2 (Genderi) + β3 (Race/ethnicityi) + β 4 (5-year period)   
        + β 5 (5-year period*SES) + ei 
 
Y is the log odds that child i is obese 
β0i is the common intercept across the sample of children 
β1 is the effect of SES on obesity holding covariates constant  
SES refers to the household (or neighborhood) SES of child i 
β2 is the effect of gender on obesity holding covariates constant 
Gender refers to the gender of child i 
β3 is the effect of race/ethnicity on obesity holding covariates constant 
Race/ethnicity refers to the race/ethnicity of child i’s caregiver 
β4 is the effect of the 5-year period on obesity for child i holding covariates constant 
5-year period refers to the period of time of child i’s measurement 
β5 is the effect of the interaction term of 5-year period and SES on obesity holding 
covariates constant 
5-year period* SESi refers to the interaction term of SES and 5-year period for child i 
ei is the random error for child i with distribution N (0, u2)  
 
 
To determine if disparities changed in the years following the economic recession (2010-
14) compared to the years prior to the recession (2003-07), the statistical significance of the 
interaction between the categorical SES variable and the binary 5-year period variable was 
examined using the omnibus Wald chi-square test statistic. Since this test-statistic only tests for 
overall statistical difference, the individual t-statistics were used to determine which parameters 
were statistically different from the reference (the high SES group in 2003-07). Tests for 
statistical significance were based on a p-value < 0.05. Analyses were conducted using SAS 
version 9.4 (SAS Institute, Cary, NC). 
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Results 
 
During both time periods (2003-07 and 2010-14), the sample had approximately equal 
percentages of girls and boys (see Table 5.1). Obesity prevalence was higher among the older 
children (4-year olds). Between 2003-07 and 2010-14, obesity prevalence increased slightly for 
2- and 3-year old children but remained relatively constant for 4-year old children (Table 5.1).   
The sociodemographic make-up of the WIC population in Los Angeles County changed 
between 2003-07 and 2010-14 (Table 5.1). The majority of children had caregivers who were 
Hispanic and this percentage increased between 2003-07 and 2010-14. Consequently, the 
proportion of children with NH white or Asian caregivers decreased between 2003-07 and 2010-
14. The proportion of children with caregivers with at least a high-school education increased 
between 2003-07 and 2010-14. Among 2-year-old children, the percentage increased from 41% 
to 51%. In 2010-14, children were more likely to live in extreme poverty (≤ 50% FPL) and in 
neighborhoods where more than 70% of residents live in unaffordable housing than they had in 
2003-07 (Table 5.1).  
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Table 5.1. Sociodemographic characteristics of WIC children in Los Angeles County by age and 5-year 
time period, 2003-2014 
 2 year-olds 
N=605,326 
% 
3 year-olds 
N=584,349 
% 
4 year-old 
N=468,426 
% 
 2003-07 
N=324,102 
2010-14 
N=281,224 
2003-07 
N=309,215 
2010-14 
N=275,134 
2003-07 
N=246,781 
2010-14 
N=221,645 
Child’s gender (female) 49.0 49.0 48.9 49.0 48.9 48.9 
% children who are obese 15.7 16.6*** 18.3 19.1*** 20.1 20.5*** 
Caregiver race/ethnicity       
NH white 4.4 3.4*** 4.2 3.1*** 4.3 3.0*** 
NH black 7.3 7.6 7.1 7.1 7.0 6.4 
Asian 4.3 3.8 4.2 3.6 4.0 3.5 
Hispanic 84.0 85.2 84.5 86.2 84.7 87.1 
Household income       
 ≤ 50% FPL 22.6 31.9*** 22.7 30.9*** 22.6 30.1*** 
50.1 – 100.0% FPL 45.7 44.6 45.8 45.9 46.1 47.1 
100.1 – 133.0% FPL 17.9 13.6 17.8 13.6 17.8 13.4 
133.1 – 185.0% FPL 13.8 9.8 13.7 9.7 13.5 9.4 
Household education       
< High school 59.1 48.9*** 60.4 50.5*** 61.5 52.4*** 
High school  30.1 36.3 29.3 35.5 28.6 34.4 
Some college 8.3 10.8 8.0 10.2 7.7 9.6 
    College or more 2.6 4.1 2.3 3.8 2.2 3.6 
Neighborhood Median 
Household Income 
      
≤ $ 32,738 24.7 25.6*** 24.9 25.8*** 24.8 25.9*** 
$32,739 - 40,278 26.0 23.2 26.2 23.5 26.2 23.7 
$40,279 - 51,534 25.3 24.4 25.3 24.4 25.5 24.6 
≥ $51,535 23.9 26.9 23.6 26.3 23.4 25.9 
Neighborhood 
Unaffordable Housing† 
      
≥70.1% 5.1 10.6*** 5.2 10.7*** 5.1 10.6*** 
55.1-70.0% 49.6 50.4 49.6 50.8 49.8 51.3 
40.1-55.0% 41.2 34.5 41.2 34.1 41.1 33.9 
≤ 40.0% 4.1 4.5 4.0 4.4 4.0 4.3 
Obesity is having a BMI ≥ 95th percentile of CDC’s gender- and age-specific growth reference values 
FPL = Federal poverty level. 
Chi-square test measuring differences by time period * p < 0.05; ** p < 0.01; *** p < 0.001 
†Percent of residents living in unaffordable housing (i.e., spending > 30% of income on housing costs).                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   
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Early childhood obesity by household- and neighborhood-level SES 
In general, a negative dose-response relationship existed with early childhood obesity 
and each of the four socioeconomic indicators (Table 5.2), with higher prevalence of obesity 
among children living in the lowest SES households or neighborhoods and lower prevalence 
among children living in the highest SES households or neighborhoods. However, the gradient 
was not clear-cut for every indicator, age and time period. For instance, obesity prevalence 
among 3-year-old children in the lowest two household income groups was the same (18.5% in 
2003-07 and 19.5% in 2010-14) (Table 5.2). 
For the household SES indicators, the absolute disparities—the difference in obesity 
prevalence between the lowest and highest SES group—increased by approximately 1 
percentage point between the two time periods for all three age groups. For household income, 
the absolute disparities increased from 1.8 to 2.4 percentage points for 2-year old children in 
2003-2007 vs. 2010-2014, and 1.0 to 2.2 and 0.7 to 1.7 for 3 and 4-year old children, 
respectively [calculations not shown in Table 5.2].  For household education, the absolute 
disparities increased from 5.4 to 6.3 percentage points for 2-year old children in 2003-2007 vs. 
2010-2014, and 5.3 to 6.0 and 4.9 to 5.9 for 3 and 4-year old children, respectively.  For the 
neighborhood SES indicators, the absolute disparities remained relatively unchanged except for 
neighborhood unaffordable housing among 4-year old children where the absolute disparities 
increased by 1 percentage point. 
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Table 5.2. Prevalence of obesity among WIC children in Los Angeles County by age and socioeconomic 
indicators, 2003-2014 
 
 2 year-olds 
N=605,326 
% 
3 year-olds 
N=584,349 
% 
4 year-olds 
N=468,426 
% 
 2003-07 
N=324,102 
2010-14 
N=281,224 
2003-07 
N=309,215 
2010-14 
N=275,134 
2003-07 
N=246,781 
2010-14 
N=221,645 
Household income       
 ≤ 50% FPL  16.6*** 17.4*** 18.5*** 19.5***    20.1** 20.6*** 
50.1 – 100.0% FPL 15.7 16.5 18.5 19.5 20.2 21.1 
100.1 – 133.0% FPL 15.4 15.9 18.2 18.3 20.1 19.4 
133.1 – 185.0% FPL 14.8 15.0 17.5 17.3 19.4 18.9 
Household education       
< High school 16.5*** 17.7*** 19.2*** 20.3*** 21.0*** 21.6*** 
High school  15.2 16.3 17.3 18.6 19.0 19.9 
Some college 13.7 14.6 16.5 17.1 17.7 18.7 
    College or more 11.1 11.4 13.9 14.3 16.1 15.7 
Neighborhood Median 
Household Income 
      
≤ $ 32,738 16.9*** 17.6*** 19.4*** 20.3*** 21.0*** 21.7*** 
$32,739 - 40,278 16.2 17.2 19.0 19.8 20.8 21.3 
$40,279 - 51,534 15.3 16.4 17.8 19.0 19.9 20.3 
≥ $51,535 14.5 15.2 16.8 17.5 18.4 18.9 
Neighborhood 
Unaffordable Housing† 
      
≥70.1% 16.2*** 17.5*** 19.0*** 20.0*** 20.4*** 21.7*** 
55.1-70.0% 16.1 17.0 18.7 19.7 20.5 21.0 
40.1-55.0% 15.5 15.9 17.9 18.3 19.7 19.8 
≤ 40.0% 13.9 14.9 16.5 17.3 18.1 18.4 
Obesity is having a BMI ≥ 95th percentile of CDC’s gender- and age-specific growth reference values 
FPL = Federal poverty level. 
Chi-square test measuring differences within time periods * p < 0.05; ** p < 0.01; *** p < 0.001.  
              †Percent of residents living in unaffordable housing (i.e., spending > 30% of income on housing costs). 
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Multivariate analyses 
Since results from the multiple logistic regression analysis examining whether the effect 
of SES on obesity was different for the two time periods were similar by household and 
neighborhood-level SES, the results for one household-level SES indicator (household income) 
and one neighborhood-level SES indicator (neighborhood median household income) are 
shown in Tables 5.3 and 5.4. The results for the other two indicators are shown in the Appendix 
(Tables B1 and B2). The results for household income among 2- and 3-year-old children are 
discussed in detail and a summary of the main findings for all four indicators is in Table 5.5.  
Among 2-year-old children, compared to children living in the highest income 
households (133.1-185.0% FPL) and after adjusting for child’s gender, caregiver’s race/ethnicity 
and the 5-year time period: 1) living in a household with income ≤ 50% FPL was associated with 
a statistically significant increase of 0.166 (0.013) in the log odds of obesity; 2) living in a 
household with income 50.1-100.0 % FPL was associated with a statistically significant increase 
of 0.061 (0.012) in the log odds of obesity; and 3) living in a household with income 100.1-
133.0% FPL was associated with a statistically significant increase of 0.037 (0.014) in the log 
odds of obesity.  
Among 2-year-old children, the log odds of obesity in 2010-14 compared to 2003-07, 
increased by 0.044 (0.007), after adjusting for child’s gender, caregiver’s race/ethnicity, and 
household income (Model 1 for 2-year-old children in Table 5.3).   
To determine if the effect of household income on childhood obesity was significantly 
different between both time periods, an interaction term between the household income and the 
5-year period variable was examined (Model 2 in Table 5.3). Among 2-year-old children, the 
Wald chi-square test statistic of the interaction term was not significant at p < 0.05 (Model 2 for 
2-year-old children in Table 5.3). Therefore, the effect of household income on childhood 
obesity did not change between the two time periods and the disparities in obesity by household 
income did not change during this time. 
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Among 3-year-old children, the Wald chi-square test statistic of the interaction term of 
household income and the 5-year time period was statistically significant (Model 2 for 3-year-old 
children in Table 5.3). Since the coefficients for each of the categories in the interaction term 
were positive when compared to the reference group, the effect of SES on obesity increased 
between 2003-07 and 2010-14. Among 3-year-old children, the log odds of the effect on obesity 
of living in a household with income ≤ 50% FPL compared to living in the highest income 
households (133.1-185.0% FPL) increased by 0.049 between 2003-07 and 2010-14 (Model 2 
for 3-year-old children in Table 5.3). This translates into the odds ratio (OR) of being obese for 
children in households with income ≤ 50% FPL compared to children living in the highest 
income households increasing from 1.11 in 2003-07 to 1.16 2010-14, holding all other 
covariates constant [calculations not shown].  
The log odds of the effect on obesity of living in a household with income 50.1-100.0 % 
FPL compared to living in the highest income households (133.1-185.0% FPL) increased by 
0.067 between 2003-07 and 2010-14 (Model 2 for 3-year-old children in Table 5.3). Therefore, 
the odds ratio (OR) of being obese for children in households with income 50.1-100.0 % FPL 
compared to children living in the highest income households increased from 1.05 in 2003-07 to 
1.12 in 2010-14, holding all other covariates constant [calculations not shown]. The log odds of 
the effect of living in a household with income 100.1-133.0% FPL did not significantly change 
between 2003-07 and 2010-14. 
For 4-year old children, the interaction between household income and the 5-year period 
variable was statistically significant after adjusting for child’s gender and caregiver race/ethnicity 
(Table 5.3). For 2- and 3-year old children, the interaction term between household education 
and the 5-year period variable was statistically significant after adjusting for child’s gender and 
caregiver race/ethnicity (Table B1 in Appendix). The interaction terms between the 5-year 
period and neighborhood household median income were not statistically significant for the 
  
91 
three age groups (Model 2 in Table 5.4) nor were they significant when neighborhood 
unaffordable housing was examined (Table B2 in Appendix).  
In summary, controlling for child’s gender and caregiver race/ethnicity, the effect of 
household income and household education on early childhood obesity significantly increased 
from the time before the recession to after the recession among some of the children, thereby 
widening the disparities (Table 5.5). The effect of neighborhood median household income and 
unaffordable housing on childhood obesity did not significantly change between the two time 
periods among children of all three age groups. Hence, the disparities in childhood obesity by 
these neighborhood-level SES indicators did not significantly change from the time before the 
recession to after the recession (Table 5.5).  
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Household-level SES: household income 
Table 5.3. Multiple logistic regression analyses for obesity and household income for WIC children in Los Angeles County† 
across all three age groups 
 2-year-old children 
N=605,326 
3-year-old children 
N=584,349 
4-year-old children 
N=468,426 
Model 1 
b(SE) 
Model 2 
b(SE) 
Model 1 
b (SE) 
Model 2  
b (SE) 
Model 1 
b(SE) 
Model 2 
b(SE) 
Income 
(133.1-185.0% FPL, Ref) 
      
≤ 50% FPL 0.166 (0.013)*** c 0.162(0.017)*** c 0.121 (0.012) ***c 0.102(0.016)*** c 0.083 (0.013) *** c 0.072(0.018)*** c 
50.1-100.0 % FPL 0.061 (0.012)*** 0.052(0.015)*** 0.073 (0.011) *** 0.045 (0.015) ** 0.062 (0.012)***  0.033 (0.016)* 
100.1-133.0% FPL 0.037 (0.014) ** 0.033 (0.018) 0.036 (0.013) ** 0.027 (0.017) 0.021 (0.014) 0.024 (0.018) 
2010-14 time period  
(2003-07, Ref) 
0.044 (0.007) *** 0.029 (0.022) 0.039 (0.007) *** -0.010 (0.021) 0.012 (0.007) -0.030 (0.023) 
Income x 2010-14 time 
period (133.1-185.0% 
FPL in 2003-07, Ref) 
      
   ≤ 50% FPL, 2010-14  0.012 (0.025)   0.049 (0.025)*
 a   0.032 (0.027) c 
50.1-100.0 % FPL,  
2010-14 
 0.0222 (0.024)     0.067 (0.023)**   0.071 (0.025)** 
100.1-133.0% FPL,  
2010-14 
 0.011 (0.028)  0.025 (0.027)  -0.006 (0.030) 
†All models adjusted for child’s gender and caregiver’s race/ethnicity 
FPL = Federal poverty level; Ref=reference group. 
t-statistic significant at * p < 0.05; ** p < 0.01; *** p < 0.001 
Wald chi-square significant at a p < 0.05; b p< 0.01; c < 0.001 
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Neighborhood-level SES: neighborhood median household income 
Table 5.4. Multiple logistic regression analyses for obesity and neighborhood median household income for WIC children in 
Los Angeles County† across all three age groups 
 2-year-old children 
N=605,326 
3-year-old children 
N=584,349 
4-year-old children 
N=468,426 
Model 1 
b(SE) 
Model 2 
b(SE) 
Model 1 
b (SE) 
Model 2  
b (SE) 
Model 1 
b(SE) 
Model 2 
b(SE) 
Median household 
income  
(≥ $51,535, Ref) 
      
≤ $ 32,738 0.144 (0.010)*** c 0.138 (0.014)*** c 0.148 (0.010)*** c 0.138 (0.014)*** c 0.134 (0.011)*** c 0.125 (0.015)*** c 
$32,739 - 40,278  0.096 (0.010)***   0.083 (0.014) ***  0.105 (0.010)***   0.100 (0.013)***  0.108 (0.011)***   0.107(0.015)*** 
$40,279 - 51,534  0.045 (0.010)***   0.022 (0.014)  0.051 (0.010)***   0.031 (0.014)*  0.061 (0.011)***   0.057 (0.015)*** 
2010-14 time period  
(2003-07, Ref) 
0.060 (0.007)*** 0.038 (0.014)** 0.050 (0.007)*** 0.032 (0.014)* 0.020 (0.007)** 0.013 (0.015) 
Median household 
income x 2010-14 
time period 
(≥ $51,535 in 2003-
07, Ref) 
      
≤ $ 32,738, 2010-14  0.011 (0.020)  0.020 (0.019)  0.018 (0.021) 
$32,739 - 40,278, 
2010-14 
 0.027 (0.020)  0.007 (0.019)  0.002 (0.021) 
$40,279 - 51,534, 
2010-14 
 0.047 (0.020) *  0.042 (0.020) *  0.007 (0.021) 
†All models adjusted for child’s gender and caregiver’s race/ethnicity 
FPL = Federal poverty level; Ref=reference group. 
t-statistic significant at * p < 0.05; ** p < 0.01; *** p < 0.001 
Wald chi-square significant at a p < 0.05; b p< 0.01; c < 0.001 
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Table 5.5. Summary of findings of change in disparities in childhood obesity by each socioeconomic 
indicator between 2003-07 and 2010-14, and by child’s age 
 
2-year-old 
children 
3-year-old 
children 
4-year-old 
children 
Household-level SES    
Household income — ↑ ↑ 
Household education ↑ ↑ — 
    
Neighborhood-level SES    
Median household income — — — 
Neighborhood unaffordable housing  — — — 
↑Positive significant association of the interaction of the SES indicator with 2010-14 time period, representing a 
widening of disparities between 2003-07 and 2010-14; 
— No significant association (no change in disparities); and  
↓ Negative significant association (narrowing of disparities) 
 
 
Discussion 
Among preschool-aged children participating in WIC, we found that household-level 
socioeconomic disparities in obesity exist and that these disparities widened in the years 
following the 2008-09 economic recession compared to the years prior to the recession. While 
neighborhood-level socioeconomic disparities in early childhood obesity also exist, we did not 
find the disparities to have changed during this time period.  
Our findings are consistent with studies among older children that found an increase in 
household-level socioeconomic disparities in obesity (Babey et al. 2010, Frederick, Snellman 
and Putnam 2014, May et al. 2013, Singh, Siahpush and Kogan 2010b). However, two recent 
studies found that disparities in childhood obesity by household income have not changed. 
Despite using multiple disparity indices, Rossen and Schoendorf (2012) did not find that income 
disparities in obesity among children aged 2-18 years changed from 2001 to 2010. Another 
recent study examined the overall effect of household income on obesity among preschool-aged 
children and found that while the overall effect of household income on obesity did not change 
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between 2003-04 and 2011-12, it did weaken among boys (Kranjac and Wagmiller 2016). The 
difference in findings between our study and these two could be due to the different study 
samples. Both of these studies examined a nationally representative sample using NHANES 
data while our sample was of children living in low-income households. Household income may 
have a greater effect on obesity risk among low-income families where financial resources are 
lacking. Rossen and Schoendorf (2012) also examined disparities among all children (2-18 year 
olds) and not solely preschool-aged children. Furthermore, neither study examined disparities 
up to 2014. It could be that the widening in socioeconomic disparities becomes more evident as 
income inequality increases (Bohn and Danielson 2016). More time has occurred since the 
economic recession and low SES families’ financial situation has still not returned to the levels 
seen prior to the recession (Bohn and Danielson 2016). Lastly, the difference in findings could 
be because our study occurred in California and the state was one of the most affected by the 
recession (Bohn and Schiff 2011). 
The factors contributing to the widening socioeconomic disparities in obesity at the 
household level are not clear and merit further exploration. Factors such as having a high 
energy intake or being sedentary may be contributing to increasing socioeconomic disparities in 
obesity. Increasing secular trends have been found in energy intake among preschool-aged 
children in low-education and low-income households since the 1970s while a decreasing trend 
has been found among children in college-educated households (Kant and Graubard 2013). 
Although they examined adolescents, Frederick et al. (2014) found that while most children 
decreased their energy intake between 1999 and 2010, children in college-educated families 
experienced the greatest decrease compared to children in families with no more than a high 
school degree. The authors also found increasing socioeconomic disparities in physical activity 
during this time period, with children in college-educated families becoming more physically 
active and those in less educated households becoming less physically active (Frederick, 
Snellman and Putnam 2014).  
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Another reason for the widening disparities by household income and education could 
be that population-based interventions and efforts are more likely to benefit higher SES 
individuals (Rossen and Schoendorf 2012). Higher SES individuals have greater financial 
resources to take advantage of interventions. For instance, higher income families may be more 
likely to benefit from their food environment improving since they have greater financial 
resources to spend on food. Since we found that income disparities in obesity increased only for 
the 3- and 4-year-old children, it is possible that financial resources are more important for older 
children.  
 Education improves reading skills, the ability to critically think and make decisions, and 
the likelihood to focus on long-term outcomes (Cutler and Lleras-Muney 2006). These skills may 
allow higher-educated parents to take greater advantage of various types of obesity-prevention 
efforts. Higher educated parents may also experience more control and less chronic 
psychosocial stress during negative life events like the economic recession (Cutler and Lleras-
Muney 2006) thereby maintaining nurturing, stable environments for their children. Chronically 
stressed parents and chaotic home environments can increase a child’s stress levels and 
subsequently increase the child’s risk of obesity (Garasky et al. 2009, Gundersen et al. 2011, 
Gunnar and Quevedo 2007, Lumeng et al. 2014). Given that education disparities in obesity 
increased only for the 2- and 3-year old children, it could be that younger children reap greater 
benefits from having more educated parents than older children. 
The lack of change we found in the disparities in obesity by neighborhood 
socioeconomic indicators may be partly due to the community-based obesity-prevention 
initiatives that began to occur in Los Angeles since 2009. To combat the high early childhood 
obesity rates in under-resourced communities in Los Angeles County, First 5 LA, the Los 
Angeles County Department of Public Health and other organizations invested in Reducing 
Early Childhood Obesity initiatives such as the Early Childhood Obesity Prevention Initiative 
(ChooseHealthLA! 2011, First 5 LA n,d.). Many of these initiatives attempted to influence the 
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proximal risk factors of early childhood obesity, mainly diet, physical activity, and breastfeeding, 
by addressing community-based public education, the lack of healthy and fresh food as well as 
recreational facilities for exercise (ChooseHealthLA! 2011, First 5 LA n,d.). These initiatives may 
have alleviated the negative repercussions of the recession on neighborhoods. Indeed, our 
previous work examining trends in early childhood obesity by neighborhood socioeconomic 
indicators suggests that the greatest differences in obesity occurred in 2008-2010 (chapter 4 of 
this dissertation). 
Additionally, a major legislative change occurred in 2009 affecting the foods offered by 
the WIC program to participating families (72 C.F.R. § 68966).  The change subsequently 
increased the availability of healthier foods in WIC-participating families’ homes and 
neighborhoods (Andreyeva et al. 2012, Andreyeva et al. 2014, Chiasson et al. 2013, Odoms-
Young et al. 2014, Rose et al. 2014, Schultz, Byker Shanks and Houghtaling 2015, Whaley et 
al. 2012, Zenk et al. 2014). While some food establishments closed during the economic 
recession, the food environment might have improved slightly since the density of unhealthy 
food establishments declined and that of healthy food establishments increased in Los Angeles 
County during the recession (Hsu 2012, Nobari et al. 2014).  
To our knowledge, this is the first study that has examined changing socioeconomic 
disparities in obesity among preschool-aged children living in low-income households. Although 
socioeconomic disparities exist among these children (CDC 2014), trends and disparities in 
obesity among this population have until now mainly focused on differences by race/ethnicity 
(Pan et al. 2015, Sekhobo et al. 2013, Weedn et al. 2014). A strength of this study is the use of 
neighborhood SES in addition to household SES. Most studies that have examined changing 
socioeconomic disparities in childhood obesity have only used household-level socioeconomic 
indicators. The study also used measured heights and weights that have previously been 
validated (Crespi et al. 2012). Finally, the study’s large sample size enabled us to have four 
categories for each SES measure. 
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The study does have a few limitations. It is a cross-sectional study. Information on 
individual WIC-participating families’ exposure to the impact from the economic recession was 
not available. These findings may not be generalizable to low-income preschool-aged children 
in other parts of the U.S. While we examined various transformations of year for the multivariate 
analyses, having year as a binary 5-year time period may not be the best. Although it provided 
the flexibility necessary to model the increases in obesity up until 2008 separately from the 
decreases after 2010, it did not allow for the modeling of any potential differences in the effect of 
SES on obesity during the 5-year time periods. 
  
Conclusion 
Socioeconomic disparities in obesity among vulnerable low-income preschool-aged 
children in Los Angeles County exist. In the years following the economic recession, the 
disparities in obesity by household-level SES widened among these children while the 
disparities by neighborhood-level SES did not change. Future research should examine the 
factors responsible for the widening household-level disparities in obesity. Continuing efforts 
should be made to address socioeconomic disparities in early childhood obesity.  
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CHAPTER 6: Severe housing cost burden and obesity in preschool-aged low-income 
children in Los Angeles County 
 
Los Angeles has the highest rates of unaffordable housing in the nation (Joint Center for 
Housing Studies 2015). In 2013, 48% or more than 2 million of all households in the Los 
Angeles-Long Beach-Anaheim metro area spent more than 30% of their income on housing, 
with more than half being “severely burdened” by housing costs, that is spending more than 
50% of their income on housing (Joint Center for Housing Studies 2015). Low-income 
households are disproportionately burdened by housing costs (Joint Center for Housing Studies 
2014). Between 2009 and 2011, more than 75% of low-income renters in Los Angeles were 
severely burdened by housing costs (Ray, Ong and Jimenez 2014). Nearly half a million 
affordable homes are needed in Los Angeles County to just meet the needs of low-income 
households (California Housing Partnership Corporation 2014). 
Since housing is a basic human need and essential for well-being, financial difficulty to 
pay for housing may be a risk factor for health. There is a dearth of research on unaffordable 
housing as a health risk factor (Harkness and Newman 2005, Ma, Gee and Kushel 2008a, 
Pollack, Griffin and Lynch 2010), and little is known about the impact of unaffordable housing on 
obesity among low-income preschool-aged children, a vulnerable population which experiences 
high rates of obesity. The objective of this study is to examine the contribution of unaffordable 
housing to early childhood obesity risk among low-income families. 
Since empirical evidence on the relationship between unaffordable housing and 
childhood obesity is lacking, this study primarily drew on the Family Stress Model of Economic 
Hardship, the Risky Families Model and biological theory of the adverse influence of chronic 
stress on energy balance through the hypothalamic–pituitary–adrenal axis (Bjorntorp 2001, 
Conger, Rueter and Conger 2000, Conger et al. 2002, Repetti, Taylor and Seeman 2002) to 
inform how unaffordable housing might influence early childhood obesity. Two mechanisms 
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involving the impact of unaffordable housing on financial resources and parent’s chronic 
psychosocial stress are posited. 
First, unaffordable housing may adversely affect the behaviors that increase childhood 
obesity risk, namely diet and physical activity. When a family has a difficult time paying for 
housing, they are likely to be at greater risk for food insecurity, relying more heavily on cheap, 
processed, highly caloric food (Darmon and Drewnowski 2015, Harkness and Newman 2005, 
Joint Center for Housing Studies 2014, Kirkpatrick and Tarasuk 2011). They are also more likely 
to live in disadvantaged and unsafe neighborhoods where access to affordable, healthy foods 
and facilities for exercise and play are limited (Joint Center for Housing Studies 2014, Lovasi et 
al. 2009, Morland et al. 2002, Schreier and Chen 2013).  
Second, the financial strain of not being able to meet housing costs every month can be 
a chronic stressor for parents. Chronic psychosocial stress occurs when demands from the 
social environment tax a person’s ability to adapt to the demands causing “psychological and 
biological changes that may place a person at risk for disease” (Baum, Cohen and Hall 1993, 
Cohen, Kessler and Gordon 1995). It may lead to conflict in the home environment and be 
detrimental to a parent’s mental health, creating a cold, unsupportive and neglectful home 
environment for the child (Davison, Jurkowski and Lawson 2013), and affecting the quality of 
care and resources a child receives (Thompson 2014). It may result in insecure attachment of 
the child with his/her primary caregiver (Thompson 2014), leading to dysregulation of the child’s 
biological stress response system and disrupting energy metabolism (Anderson and Whitaker 
2011, Garasky et al. 2009, Gunnar and Quevedo 2007, Thompson 2014, Wilson and Sato 
2014) Indeed, a stressful home environment has been found to dysregulate a child’s 
hypothalamic-pituitary-adrenal (HPA) axis thereby increasing the child’s risk of developing 
obesity (Bjorntorp 2001, Lumeng et al. 2014, Miller et al. 2013, Repetti, Taylor and Seeman 
2002).  
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Financial stressors are risk factors for parent’s mental health, and a mother’s chronic 
stress and depression during infancy and preschool years have been observed to be associated 
with increased risk of childhood obesity (Lampard, Franckle and Davison 2014, Tate et al. 
2015). Parents who are chronically stressed may have less energy to cook meals for their 
children; inexpensive highly-caloric fast food becomes a convenient substitute for home-cooked 
meals (Parks et al. 2012). The more stressors low-income parents experience, the less likely 
they are to limit their children’s screen time such as watching TV and playing computer games 
which are established risk factors for childhood obesity (Dennison, Erb and Jenkins 2002, 
Lampard, Jurkowski and Davison 2013, Lundahl et al. 2013, Rey-Lopez et al. 2008, Swinburn 
and Shelly 2008). 
Based on these posited mechanisms, we ask the following research questions: 
 
Is perceived unaffordable housing, defined as severe housing cost burden, associated 
with increased risk of obesity in low-income preschool-aged children, after controlling for 
individual-, household- and neighborhood-level confounders such as child’s age, mother’s 
education, and neighborhood median household income? Is it also associated with 
increased adiposity, defined as an increase in BMI z-scores (BMIz) and an increase in 
weight-for-height z-scores (WHZ) between two time points, in low-income preschool-aged 
children? If so, does perceived unaffordable housing increase adiposity in these children 
through child’s diet and sedentary behavior, and mother’s mental health? 
 
Hypothesis 1: Severe housing cost burden is associated with an increased risk of obesity, 
as indicated by weight status (obese vs not obese), in low-income preschool-aged 
children.   
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Hypothesis 2: Severe housing cost burden is associated with an increased risk of obesity 
as indicated by change in adiposity in low-income preschool-aged children.   
 
Hypothesis 3: The association between severe housing cost burden and change in 
adiposity is partially mediated by child’s diet, sedentary behavior, and mother’s mental 
health. 
 
Methods 
Overview 
This study uses data from the 2011 and 2014 Los Angeles County WIC Survey (“WIC 
Survey”), WIC administrative data, and 2010 Census data to examine the relationship of severe 
housing cost burden with obesity risk during the early years of life in a low-income population. 
Data sources 
Initiated in 2005 and funded by First 5 LA, the WIC Survey is commissioned by Public 
Health Foundation Enterprises (PHFE) and conducted every three years by Field Research 
Corporation, an independent public opinion research organization (PHFE-WIC and First 5 LA 
2015). The survey is conducted on a random sample of approximately 6,000 WIC participants in 
Los Angeles County to determine health status, health behaviors, health care access, and 
neighborhood and household characteristics of children of families participating in WIC. Many of 
the survey questions have either been validated or come from validated instruments, and data 
from these surveys have been analyzed and published on a number of topics including 
determinants of children’s fruit and vegetable consumption, breastfeeding, and mother’s 
perception of child’s weight (Chaparro et al. 2015, Langellier et al. 2014, Nobari, Wang and 
Whaley 2015). 
A random sample of WIC participants is drawn from the main cross-section sample and 
from an augmented sample of WIC participants in Antelope Valley, the least populated area in 
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Los Angeles County (Field Research Corporation 2014). In 2011 and 2014, additional 
participants were randomly selected from First5 LA’s smaller Best Start communities and in 
2011, children of Asian mothers were also oversampled (Field Research Corporation 2014). 
Phone interviews were conducted in the spring and summer months in English, Spanish, and in 
2011 also in Vietnamese and Cantonese. Computer-assisted telephone interviewing was used 
to conduct the interviews. Up to 16 attempts were made to reach the respondent. Households 
received a $10 gift card for completing the interview. The survey protocol was approved by the 
Independent Review Consulting Institutional Review Board. More information on the survey can 
be found at http://lawicdata.org/survey/.  
Survey records were linked to WIC administrative data to obtain children’s measured 
anthropometric data, date of birth, family socioeconomic information and census tract of 
residence. The WIC administrative data are owned by the State of California WIC Program and 
maintained by the WIC Data Mining project, a research partnership between Public Health 
Foundation Enterprises-WIC (PHFE WIC) and First 5 LA. Children’s anthropometric information 
is obtained during clinic visits by trained WIC staff who follow a standardized protocol. Wall-
mounted stadiometers (Model PE-WM-60-76; Prospective Enterprises, Portage, MI) and 
calibrated beam scales (Health-O-Meter 402LB; Prospective Enterprises, Portage, MI) are used 
to measure children’s heights and weights, respectively. A healthcare provider’s measurements 
can instead be used if the child was examined within 60 days of his/her WIC visit (Crespi et al. 
2012). Measurements obtained by PHFE-WIC staff on preschool-aged children in Los Angeles 
County have high validity (Crespi et al. 2012).  
To characterize child participants’ neighborhood conditions, survey records were also 
linked to the Census Bureau’s 2010-2014 American Community Survey (ACS) data through the 
child’s census tract of residence.  
 
 
 104 
Variables 
Dependent Variables 
Obesity risk was assessed by two indicators: (1) obesity status (obese vs not obese), 
and (2) change in adiposity (body fatness) between two time points. While there is no current 
consensus on the appropriate definition and measurement of obesity in very young children, 
obesity in children is generally defined as having a BMI that is > 95th percentile of sex- and age-
specific growth reference values (Kuczmarski et al. 2002), while adiposity (a continuous 
variable) is measured by BMI or weight-for-height (WH) expressed in terms of z-scores derived 
from growth reference values (Kuczmarski et al. 2002). Though BMIz is more commonly used in 
the literature, it has been argued that WHZ is a preferred measure of obesity in young children 
since it is less dependent on height than BMIz (Garn, Leonard and Hawthorne 1986, Jones et 
al. 2012). 
In this study, children were classified as obese if they had a BMI ≥ 95th percentile of 
CDC’s sex- and age-specific growth reference values (Kuczmarski et al. 2002). Change in BMI 
z-score (ΔBMIz) and change in weight-for-height z-score (ΔWHZ) were calculated from two 
measurements, the first (T1) taken no earlier than 6 months before the survey interview, and the 
second (T2) taken at least 6 months after the survey interview. The conditions for these two 
time points were set to ensure that the first measurement was close enough to the survey to 
capture the effect of severe housing cost burden, and the second measurement was distant 
enough from the first measurement to allow for a change in adiposity to occur. (See Figure 6.1 
for a depiction of the times the measurements occurred.) (See Tables C1 & C2 in Appendix for 
a table of the variables used in this study and the related questions from the WIC survey).  
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Figure 6.1. Time when outcome measures (obesity and change in BMIZ or WHZ) were 
taken in relation to the survey 
 
 
ΔBMIz=change in BMIz 
ΔWHZ=change in WHZ 
 
 
Independent Variables 
The independent variable of interest is perceived severe housing cost burden as 
determined by the response of “very difficult” to the question, “How easy or difficult is it for you 
to pay for housing—very difficult, somewhat difficult, somewhat easy or very easy?” Since the 
majority of families experienced some difficulty, a binary yes versus no variable was created to 
measure those reporting extreme housing costs (very difficult to pay for housing).  
 
Mediating Variables 
The mediating variables were child’s healthy and unhealthy diet as determined by fruit 
and vegetable consumption and an unhealthy food score, screen time and mother’s depressive 
symptoms. Fruit and vegetable consumption is the number of servings of fruits and vegetables 
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that the child eats on an average day. Extreme outliers were coded as missing. For mediation 
analysis this variable was treated as continuous. However, for descriptive purposes, three 
categories were created based on dietary recommendations for young children (USDA 2015) 
and the sample’s distribution: ≤ 2 servings per day, 3-4 servings per day, and ≥ 5 servings per 
day. An unhealthy food score was created based on fast food frequency, sweet food frequency 
and sugar-sweetened beverage (SSB) frequency. Child’s fast food frequency is a categorical 
variable and the five response categories varied from never to 4 or more times per week. Sugar-
sweetened beverages is the number of times per day the child drinks sugar-sweetened 
beverages (SSB) (sweetened milk, non-100% juice intake, sweetened drink intake and soda 
intake). Sweet foods is the number of times per day the child eats sweets or sweetened foods, 
such as sweetened cereals, fruit bars, pop-tarts, donuts, cookies and candies. The food 
frequency questions were recently validated with a 24 hour-diet recall study. Spearman’s 
correlation coefficients ranged from 0.15 to 0.59 and intraclass correlation coefficients ranged 
from 0.48 to 0.87 (Koleilat and Whaley 2016).  
To create the unhealthy food score, fast food, sweet foods and SSB per day were 
dichotomized according to recommendations for children and the sample’s distribution (Barlow 
2007, Daniels and Hassink 2015). Consumption of fast food at least once a week, of a SSB at 
least once a day, and of a sweet food at least once a day were each given a score of 1. The 
scores were summed to create an unhealthy food score and ranged from 0 to 3. The score was 
found to be strongly correlated with each of the 3 unhealthy food indicators (0.737 for fast food, 
0.721 for SSB, and 0.672 for sweet foods, all p-values <0.001), and the 3 unhealthy food 
indicators had small positive correlations with each other (r ranged from 0.2 to 0.3) (see Table 
5.3).  
Screen time is a continuous variable of the total number of hours reported by the parent 
that the child spends watching TV and playing video or computer games on an average day. A 
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dichotomous variable of two or more hours a day based on recommendations for young children 
was also examined (AAP Committee on Public Education 2001, Barlow 2007).  
Mother’s depressive symptoms is an index representing the mother’s frequency of 
experiencing anhedonia (no pleasure) and depressed mood in the last two weeks. It was 
determined by the two-item Patient Health Questionnaire (PHQ-2) which has been shown to 
have high sensitivity and specificity for major depression (Kroenke, Spitzer and Williams 2003). 
The responses were scored and summed. A score of 3 or higher is considered depression. For 
the mediation analysis, this was treated as pseudo-continuous. 
 
Covariates 
The analyses controlled for variables that have been found to be associated with obesity 
(Kit, Ogden and Flegal 2014, Linabery et al. 2013, Wang and Zhang 2006). Child’s age at two 
time points were used for this study (at T1 and at the time of the survey). Both are continuous 
variables, in months, and were calculated from the child’s date of birth (caregiver-reported and 
obtained from the WIC administrative data) and the relevant measurement date. Child’s gender 
was obtained from the WIC Survey. Child’s race/ethnicity was created from a question on race 
and from a question regarding Latino or Hispanic ethnicity that is asked of the respondent. The 
categories were Hispanic, Non-Hispanic (NH) white, NH black, NH Asian, and NH multiple race. 
Four dummy variables were created with Hispanic as the reference group since the majority of 
children are Hispanic. Since the sample size to examine the association of severe housing cost 
burden and change in adiposity was much smaller, only child’s Hispanic ethnicity was 
considered and this was a dummy variable with Hispanic as the reference group. 
To examine the association of severe housing cost burden with change in adiposity, 
child’s BMIz or WHZ at T1 was adjusted for in the analyses to account for child’s initial weight. 
For all of the analyses, the duration between two time points (in months) is adjusted for to 
account for the variation in duration among children. In examining the association between 
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severe housing cost burden and obesity, the duration is the number of months between when 
the survey was conducted and when the height and weight measurements occurred. In 
examining the association between severe housing cost burden and change in BMIz or WHZ, 
the duration is the number of months between T1 and T2.  
Mother’s BMI is a continuous variable and was calculated from mother’s self-reported 
height and weight [BMI=weight (kg) / [height (m)]2]. Mother’s education indicates the highest 
level of school she completed or highest degree received (less than high school, high school, 
some college or more). Household income is an ordinal variable and represents the percent of 
the Federal Poverty Level (FPL) of the household (as ≤50% FPL, 50.1-100% FPL%, 100.1-
133% FPL, and 133.1-185+% FPL). It is calculated by dividing the household’s monthly income 
by the number of people in the household. Income is obtained from the WIC administrative 
dataset and includes every household member’s income from all sources such as wages, 
unemployment compensation, social security benefits, State Disability Insurance, public 
assistance, and child support.  
 Since the socioeconomic characteristics of the neighborhood may confound the 
relationship between unaffordable housing and child obesity, the neighborhood-level indicator, 
median household income, was examined as a potential covariate. The measure comes from 
the American Community Survey and represents the 5-year estimate of the median household 
income of residents living in the child’s census tract and was treated as a continuous variable. 
Data from the two surveys were pooled to increase sample size, therefore, a binary year of 
survey variable (2011 vs 2014) was added to account for any potential differences by survey 
year.  
 
Potential confounders and moderators 
Food insecurity, housing tenure, household size, and number of moves were explored 
as potential confounders and moderators since they have been found to be associated with 
 109 
childhood obesity and well-being, unaffordable housing, or the potential mediators (Cutts et al. 
2011, Eisenmann et al. 2011, Evans 2004, Herbert, McCue and Sanchez-Moyano 2013, 
Kirkpatrick and Tarasuk 2011, Leventhal and Newman 2010, Mason et al. 2013, Pollack, Griffin 
and Lynch 2010). Food insecurity is a dichotomous variable (food insecure vs. food secure) that 
was determined by the 6-item short form of the USDA’s household food security scale. The 
scale has been shown to have high specificity and sensitivity, however, it does not measure 
severe food insecurity where the child’s food intake is affected (USDA ERS 2012). Housing 
tenure represents where the respondent lives (in a home owned by parents or relatives, in an 
apartment or home that the respondent owns, in an apartment or home that the respondent 
rents, or other). Both a continuous household size variable that represents the number of people 
currently living in the household was explored as a potential confounder as well as a 
dichotomous variable of households with 5 or more people. Number of moves is a continuous 
measure that represents the number of moves in the past 3 years the household experienced. A 
dichotomous variable of 2 or more moves was also examined.  
 
Statistical Analysis  
To examine the association of severe housing cost burden and obesity, children had to 
be at least 2 years old at the time of the survey. To examine the association of severe housing 
cost burden and change in adiposity, children had to be at least 2 years at T1 to be included in 
the study. Children who had grown shorter between measurements or with biologically 
implausible values of BMIz or WHZ < -4 or > 8, or weight-for-age z-scores or height-for-age z-
scores < -3 or > 5 (CDC 2016) were excluded. Children whose biological mothers did not 
respond to the survey, mothers with improbable BMIs (< 15 kg/m2 or > 56 kg/m2), or who were 
missing on any of the covariates, potential mediators and potential moderators were also 
excluded. The final sample size was 2,307 to examine the association of severe housing cost 
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burden and obesity, and 795 to examine the association between severe housing cost burden 
and change in BMIz or WHZ. 
 
Univariate and Bivariate Analyses 
Means and standard deviations and frequency distributions were used to examine the 
distribution of continuous and categorical variables, respectively. The outcome variables, 
change in BMIz and change in WHZ, were found to be normally distributed. Bivariate statistics 
were used to investigate the relationship of the independent variable and the dependent 
variables with each other and with the covariates. Student’s t-test were used to determine 
whether a statistically significant relationship exists between severe housing cost burden and 
the continuous variables. For categorical variables, Pearson chi-square tests were used. 
Pearson correlation coefficients were used to assess the linear relationship between continuous 
variables. Spearman’s and Polychoric’s correlation coefficients were used for ordinal variables 
and Tetrachoric correlation coefficients were used for two dichotomous variables. 
 
Multivariate Analyses 
To examine the association of severe housing cost burden and obesity, multiple logistic 
regression analyses were conducted. To examine the association of severe housing cost 
burden with change in BMIz or WHZ, multiple linear regression using ordinary least squares 
was conducted. Logistic and linear regression analyses were adjusted for child’s age, gender, 
race/ethnicity, household income, mother’s BMI and education, neighborhood median 
household income, year of survey, and duration. When examining change in BMIz or WHZ as 
the outcome, the analyses were also adjusted for BMIz or WHZ at T1. The t-test statistic was 
used to assess whether each regression coefficient was significantly different from zero (Glantz 
and Slinker 2001). Overall model fit was determined by the F statistic and adjusted R2 (Glantz 
and Slinker 2001). Regression diagnostics were conducted to examine normality, 
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homoscedasticity, independence, influential observations, and collinearity, and appropriate 
steps were taken to address any issues. Food insecurity, mother’s depression, household size, 
housing tenure, and multiple moves were explored as potential confounders and/or moderators.  
 
Mediation Analysis 
 Child’s diet (fruit and vegetable consumption and the unhealthy food score), screen 
time, and mother’s depressive symptoms were each examined for their potential mediating roles 
in the relationship between severe housing cost burden and change in adiposity. A mediator 
represents the hypothesized causal mechanism by which the independent variable, X, 
influences the dependent variable, Y (Aneshensel 2013). A diagram of simple mediation, with 
one mediator, can be seen in Figure 6.2.  
Baron and Kenny’s four criteria are not necessary to determine mediation (Aneshensel 
2013). Instead, two conditions are necessary in order to have mediation: 1) X must be 
significantly associated with the mediator, M; and 2) M must be significantly associated with Y 
after controlling for X (Aneshensel 2013). In Figure 6.2, the total effect of X on Y, c, consists of 
the direct effect of X on Y, c’, and the indirect effect through M, a*b = c- c’. The regression 
coefficients obtained from the three linear regression models in Figure 6.2 were used to 
estimate the mediated effect, a*b, of each potential mediator on severe housing cost burden 
(Aneshensel 2013). Each of the linear regression models controlled for the previously 
mentioned covariates.  
All analyses were either conducted in SAS versions 9.3 or 9.4 (SAS Institute, Cary, NC). 
Given that the sampling distribution of a*b is not normal, the SAS macro PROCESS developed 
by Andrew Hayes and which uses a bootstrapping method, was used to determine the mediated 
effects, the standard errors and confidence intervals (Hayes 2009, Hayes 2015). Since 
mediation of categorical mediators cannot be done in SAS, the unhealthy food score and 
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mother’s depression were treated as pseudo-continuous. Tests for statistical significance were 
based on a p-value < 0.05. 
 
Figure 6.2. Simple mediation 
 
 
   X    Y 
 
 
 
  
                                                      
 
 
 
X     Y 
 
 
 
 
  The indirect or mediated effect of X on Y through M is c – c’ = a*b. 
 
Figure adapted from Aneshensel 2013 
 
 
Results 
 
In our larger sample, the mean (SD) age of children was 3.1 (0.7) years and there were 
slightly more boys than girls (Table 6.1). The majority of children were Hispanic (87.5%). Nearly 
36% of children’s mothers had less than a high school degree and a third had at least some 
college. Nearly 78% of children lived in poor households, with 30% of them living in extreme 
poverty (≤ 50% FPL). Mothers’ mean (SD) BMI was 28.6 (6.1) kg/m2. Children’s mean (SD) 
neighborhood median household income was $43,116 (15,372), which is notably lower than the 
average for Los Angeles County ($55,870 in 2014 dollars) (U.S. Census Bureau 2016). A little 
over a third of children were from the 2011 WIC Survey with the remaining two-thirds being from 
the 2014 survey. 
c 
Y = k1 + c X 
 
Y is BMIz or WHZ 
X is severe housing cost burden 
c is the expected change in Y when X 
goes from 0 to 1 
 
Y = k2 + c’ X + bM 
 
M = k3 + aX 
 
c’ 
a 
M 
b 
M is the mediator 
a is the expected change in M when 
X goes from 0 to 1. 
b is the expected change in Y for a 1-
unit increase in M, controlling for X 
c’ is the expected change in Y when X 
goes from 0 to 1, controlling for M. 
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In the sample, 15.9% of children lived in severe housing cost-burdened households. 
These children were significantly less likely to be Hispanic, and were significantly more likely to 
have mothers with less than a high school education and to live in extremely poor households  
(≤ 50% FPL) than children living in non-severe housing cost-burdened households. Their 
mothers were also significantly more likely to have participated in the 2011 WIC Survey. 
 
Table 6.1. Sociodemographic characteristics of the sample of 2-5-year-old children by 
severe housing cost burden: Los Angeles County, 2011 and 2014 WIC Survey, N=2,307  
 Total 
(N=2,307) 
Mean (SD) or 
% 
Not severe 
housing cost 
burden 
(N=1,940) 
Mean (SD) or % 
Severe housing 
cost burden 
(N=367) 
Mean (SD) or % 
Child’s age at survey (yrs) 3.1 (0.7) 3.1 (0.7) 3.2 (0.6) 
Child’s gender (female) 47.7% 47.8% 47.1% 
Child’s race/ethnicity    
NH white 2.5 2.3 3.3* 
NH black 6.8 6.6 7.6 
NH Asian 1.7 1.8 1.1 
Hispanic 87.5 88.0 84.7 
NH multiple race 1.6 1.3 3.3 
Mother’s education    
Less than high school 35.9% 35.3% 39.5%** 
High school  30.8% 32.1% 23.7% 
Some college or more 33.3% 32.6% 36.8% 
Mother’s BMI (kg/m2) 28.6 (6.1) 28.6 (6.1) 28.8 (6.2) 
Household income     
 ≤ 50% FPL 30.0 27.8 41.7*** 
 50.1-100% FPL 47.9 48.7 43.6 
 100.1-133% FPL 12.7 13.5 8.7 
 133.1-185% FPL 9.4 10.0 6.0 
Neighborhood median 
household income ($) 
$43,116 
(15,372) 
$43,116 
(15,408)  
$43,117 
(15,200) 
Months from survey to 
time of measurement 
5.9 (2.7) 5.9 (2.7) 5.9 (2.7) 
2011 survey year 35.1% 34.1% 40.1%* 
Chi-Square test or t-test of differences by severe housing cost burden: *p-value <0.05; **<0.01; ***<0.001 
NH = Non-Hispanic; FPL= Federal Poverty Level 
Mother’s BMI based on self-report of height and weight 
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Nearly 18% of the children in the sample were obese (Table 6.2). Children living in 
severe housing cost-burdened households were significantly more likely to be obese compared 
to children living in non-severe housing cost-burdened households (21.5% vs. 17.1%, p-value = 
0.040). For the smaller sample of 753 children, the mean (SD) changes in BMIz and WHZ were 
0.013 (0.751) and -0.074 (0.687), respectively. No statistically significant differences existed by 
severe housing cost burden.  
Nearly two-thirds of the children in our larger sample met the recommendation of 5 or 
more servings of fruits and vegetables per day (Table 6.2). A little over half ate fast food at least 
once a week, almost two-thirds drank a SSB per day, three quarters ate at least one sweetened 
food per day, and a third of all children did all three of these. A little over half of all children were 
exposed to at least 2 hours per day of screen time (watching TV and/or playing computer 
games). No statistically significant differences existed by severe housing cost burden for screen 
time or for children’s diet except for consumption of sweet foods (1.1 vs 1.0 times/day, p-value = 
0.025), though perhaps not meaningfully different. 
 
 
 
 
 
 
 
 
 
  
 115 
Table 6.2. Health behaviors of the sample of 2-5-year-old children by severe housing cost 
burden: Los Angeles County, 2011 and 2014 WIC Survey, N=2,307  
 Total (N=2,307) 
Mean (SD) or % 
Not severe 
housing cost 
burden 
(N=1,940) 
Mean (SD) or % 
Severe housing 
cost burden 
(N=367) 
Mean (SD) or % 
% obese1 17.8% 17.1% 21.5%* 
Change in BMIz (N=753) 0.013 (0.751) 0.014 (0.762) 0.004 (0.691) 
Change in WHZ (N=753) -0.074 (0.687) -0.070 (0.696) -0.098 (0.637) 
Fruit and vegetable 
(servings/day) (cont) 
5.4 (2.2) 5.4 (2.2) 5.2 (2.2) 
Fruit and vegetable 
consumption 
   
≤ 2 servings/day 6.4% 6.2% 7.6% 
3-4 servings/day 29.9% 29.6% 31.6% 
≥5 servings/day 63.7% 64.2% 60.8% 
Fast food2    
< 1 a month 12.8% 12.5% 14.4% 
Less than once a week but at 
least once a month  
33.9% 34.3% 31.9% 
≥ 1 time per week 53.3% 53.2% 53.7% 
SSB (times/day) 3 1.4 (1.6) 1.4 (1.6) 1.5 (1.7) 
SSB    
 < 1 (times/day) 37.4% 38.0%  34.1% 
 ≥ 1 (times/day) 62.6% 62.0% 65.9% 
Sweet foods (times/day) 4 1.0 (0.8) 1.0 (0.8) 1.1 (0.8)* 
Sweet foods    
 < 1 day 25.2% 25.8% 22.3% 
 ≥ 1 day 74.8% 74.2% 77.7% 
Unhealthy food score5    
0 (not unhealthy) 8.6% 8.9% 7.1% 
1 24.7% 25.3% 21.8% 
2 34.0% 33.3% 37.9% 
3 (very unhealthy) 32.6% 32.5% 33.2% 
Screen time (hours/day)6 (cont) 1.8 (1.6) 1.8 (1.6) 1.9 (1.5) 
Screen time    
< 2 hours/day 46.9% 47.4% 44.4% 
≥ 2 hours/day 53.1% 52.6% 55.6% 
Chi-Square test or t-test of differences by severe housing cost burden: *p-value <0.05; **<0.01; ***<0.001 
1Obesity is a BMI ≥ 95th percentile of CDC’s gender- and age-specific growth reference values 
2Fast food is a restaurant like McDonald’s, Taco Bell, Burger King, KFC or another similar place 
3SSBs are sweetened milk, non-100% juice, sweetened drinks and sodas 
4Sweet foods include sweets or sweetened foods such as sweetened cereals, fruit bars, pop-tarts, donuts, cookies 
and candies 
5 Based on eating fast food at least once a week, drinking a SSB at least once a day, and eating a sweet food at least 
once a day. 
6Screen time includes television and video or computer games 
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Severe housing cost-burdened households were significantly less likely to rent and more 
likely to live with parents or relatives than non-severe housing cost-burdened households, 
although the mean number of people living in the households was similar (Figure 6.3). Children 
living in severe housing cost-burdened households were significantly more likely than their 
advantaged counterparts to live in a stressful home environment, characterized by moving 2 or 
more times in the last three years and/or having a mother who was depressed (Figure 6.3). 
They were also significantly more likely to live in households that were food insecure and that 
had trouble finding housing (Figure 6.3).  
 
Figure 6.3. Home environment of 2-5-year-old children by severe housing cost burden in 
Los Angeles County, 2011 and 2014 WIC Survey, N=2,307 
 
Chi-Square test of differences by severe housing cost burden: *p-value <0.05; **<0.01; ***<0.001 
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The correlation coefficients for the relationships between some of the main variables are 
in Table 6.3. Many of the coefficients were small. Of note, are the correlations between the diet 
measures, the correlation of severe housing cost burden and mother’s depression (r = 0.250, p 
< .001), and the correlation of unhealthy food score and screen time (r=0.207, p-value < .001).  
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Table 6.3. Table of correlation coefficients (N=2,307) 
 
 Severe 
housing 
cost 
burden 
 
Obesity Child’s 
age at 
survey 
Mother’s 
education 
House- 
hold 
income 
Neighb. 
Median 
House- 
hold 
income 
Fruit/ 
Vegetable 
Unhealthy 
Food 
score 
Fast 
food 
Sweet 
foods 
SSB Mother’s 
depres- 
sion 
(PHQ-2) 
Screen 
time 
Severe 
housing 
cost 
burden 
--- 
R(ASE)a= 
0.091 
(.045) 
 
0.032 -0.001 -0.191 
*** 
0.000 -0.023 0.046 0.003 0.047* 0.039 0.250*** 0.008 
Obesity  
--- 
0.658 
*** 
-0.061 0.024 0.119 -0.0001 0.056 0.063 -0.054** 0.024 0.013 -0.014 
Child’s age 
at survey 
  
--- 
-0.088 
*** 
0.013 0.003 0.029 0.111*** 0.091*** 0.028 0.074 
*** 
-0.008 0.123 
*** 
Mother’s 
educ 
   
--- 
0.120*** 0.086*** 0.055** -0.121*** -0.049 -0.059** -0.157 
*** 
-0.126 
*** 
0.045* 
Household 
income 
    
--- 
0.099*** -0.025 -0.222 0.055* -0.055** -0.101 
*** 
-0.097 
*** 
-0.042* 
Neighb. 
Median  
Household 
income 
     
--- 
0.001 -0.056** -0.009 -0.019 -0.053* -0.031 -0.021 
Fruit/ 
Vegetable 
      
--- 
-0.072*** -.079*** 0.004 -0.024 -0.013 -0.077 
*** 
Unhealthy 
Food score 
       
--- 
0.737*** 0.672*** 0.721*** 0.157*** 0.207*** 
Fast food         --- 0.217*** 0.231*** 0.062* 0.143*** 
Sweet 
foods 
         
--- 
0.330*** 0.126*** 0.153*** 
SSB           --- 0.187*** 0.165*** 
Mother’s 
depression 
           
--- 
0.096*** 
Screen 
time 
            
--- 
p-value of Wald Chisquare test * < 0.05; ** < 0.01; *** < 0.001 
Correlation coefficients are a Tetrachoric (for two dichotomous variables), Pearson’s (for two continuous variables, and one continuous and dichotomous), 
Spearman’s (for one ordinal and one continuous), and Polychoric (for two ordinal variables, for one ordinal and one dichotomous, or for one ordinal and one 
continuous). 
  
119 
Multivariate analyses examining association of severe housing cost burden and childhood 
obesity 
Living in severe housing cost-burdened households was associated with a 33% higher 
odds of obesity [OR (95%CI) = 1.33 (1.01; 1.76)] (see Model 1 in Table 6.4). There was no 
change in the relationship after adjusting for child’s age, gender and race/ethnicity, mother’s 
education and BMI, household income, duration between survey and outcome, and survey year 
(Model 2), nor after adjusting for neighborhood median household income as well (Model 3).  
With regard to the covariates, as shown in Model 2, child’s age at survey was 
significantly associated with increased odds of obesity such that a one-year increase in age 
increased the odds of obesity by 28%. Being NH black decreased the odds of childhood obesity 
by 61% compared to being Hispanic [OR (95%CI) = 0.39 (0.22; 0.70)]. Every 1 kg/m2 increase 
in mother’s BMI was significantly associated with a 7% increase in the odds of obesity.  
Mother’s depression, food insecurity, residence type, household size, and number of 
moves were included in the models and explored as potential moderators of the relationship 
[results not shown]. Household size was found to be significant. The association between 
severe housing cost burden and childhood obesity was no longer significant at a p-value < 0.05 
after controlling for household size (Model 4), although it was borderline significant (p=0.054). 
An increase of 1 person in the household was associated with an 8% decrease in the odds of 
obesity [OR (95%CI) = 0.92 (0.86; 0.99)]. For each additional person in the household, the log 
odds of the effect of severe housing cost burden on obesity increases by 0.236 (p=0.01). 
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Table 6.4. Logistic regression models: association between severe housing cost burden 
and obesity, 2011 and 2014 WIC Survey (N=2,307) 
 Model 1 
OR (95% CI) 
Model 2 
OR (95% CI) 
Model 3 
OR (95% CI) 
Model 4 
OR (95% CI) 
 
Severe housing cost burden (Not severe 
housing cost burden, ref) 
1.33 
(1.01, 1.76) 
1.334 
(1.002, 1.776) 
1.334 
(1.002, 1.776) 
1.326 
(0.995, 1.767) 
Child’s age at survey (yrs)  1.28 
(1.08, 1.51) 
1.28 
(1.08, 1.51) 
1.27 
(1.08, 1.51) 
Child’s gender (boy, ref)  0.84 
(0.67, 1.05) 
0.84 
(0.67, 1.04) 
0.83 
(0.67, 1.04) 
Child’s race/ethnicity (Hispanic, ref)     
NH black  0.39  
(0.22, 0.70) 
0.40  
(0.22, 0.71) 
0.38  
(0.21, 0.67) 
NH Asian  0.55  
(0.17, 1.81) 
0.53  
(0.16, 1.76) 
0.54  
(0.16, 1.79) 
NH white  0.59  
(0.25, 1.42) 
0.58  
(0.24, 1.39) 
0.58  
(0.24, 1.38) 
NH multiple  1.20  
(0.53, 2.71) 
1.21  
(0.53, 2.72) 
1.17  
(0.52, 2.66) 
Mother’s education  
(Some college, ref) 
    
Less than high school  1.11 
(.85, 1.46) 
1.12 
(.85, 1.48) 
1.16 
(.88, 1.52) 
High school  1.10 
(0.83, 1.46) 
1.11 
(0.84, 1.47) 
1.12 
(0.85, 1.49) 
Household income (133-185+% FPL, ref)     
<50% FPL  0.89 
(0.58, 1.37) 
0.90 
(0.59, 1.39) 
0.93 
(0.60, 1.43) 
50-100% FPL  1.01 
(0.68, 1.52) 
1.02 
(0.68, 1.53) 
1.04 
(0.69, 1.56) 
100-133% FPL  1.18 
(0.74, 1.89) 
1.18 
(0.73, 1.89) 
1.20 
(0.75, 1.93) 
Mother’s BMI (kg/m2)  1.07 
(1.05, 1.09) 
1.07 
(1.05, 1.09) 
1.07 
(1.05, 1.09) 
Time between survey and T2 (mos)  1.00 
(0.96, 1.04) 
0.99 
(0.95, 1.04) 
1.00 
(0.96, 1.04) 
Survey year 2011 (2014, ref)  1.08  
(0.86, 1.36) 
1.07  
(0.85, 1.35) 
1.10  
(0.87, 1.38) 
Household size   ___ 0.92 
(0.86, 0.99) 
Median household income (in $10,000)   1.03 
(0.96, 1.11) 
 
NH = Non-Hispanic; FPL= Federal Poverty Level; ref=Reference 
Mother’s BMI based on self-report of height and weight 
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Multivariate analyses examining association of severe housing cost burden and change in 
adiposity 
Adjusting for child’s age, gender and race/ethnicity, mother’s education and BMI, 
household income, BMIz at T1, time interval between T1 and T2, and survey year, living in 
severe housing cost-burdened households was not significantly associated with a change in 
BMIz between T1 and T2 (Model 1 in Table 6.5). There was no significant change in the 
relationship after adjusting for neighborhood median household income (Model 2).  
With regard to the covariates, household income was significantly associated with a 
smaller change in BMIz between time 1 and time 2. Living in <50% FPL households was 
associated with a .254 decrease in the change in BMIz (p-value = 0.0146) compared to living in 
133-185+% FPL households (Model 1 in Table 6.5). Living in 50-100% FPL households was 
associated with a .262 decrease in the change in BMIz (p-value = 0.0074) compared to living in 
133-185+% FPL households. Living in 100-133% FPL households was associated with a .363 
decrease in the change in BMIz (p-value = 0.0018) compared to living in 133-185+% FPL 
households. A one standard deviation increase in the BMIz at T1 was associated with a .200 
decrease in the change in BMIz (p-value < 0.0001). Every 1 kg/m2 increase in mother’s BMI was 
associated with a .018 increase in the change in BMIz (p-value < 0.0001).  
Dichotomous measures of the potential mediators (2 or more hours of screen time, 
eating at least 5 servings of fruit and vegetables, and mother’s depression), in addition to food 
insecurity, residence type, household size, and number of moves, were also included in the 
models and explored as potential covariates and moderators. Adjusting for the previously 
mentioned covariates, watching 2 or more hours of screen time was associated with a .116 
decrease in the change in BMIz (p-value =0.032). However, watching 2 or more hours of screen 
time was not a moderator of the association between severe housing cost burden and childhood 
obesity. 
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Similar results were found for WHZ although the coefficients were slightly different. 
Additionally, based on the adjusted R2, the models accounted for a greater percentage of the 
variance for the change in WHZ than they did for the change in BMIz.
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Table 6.5. Linear regression models: association between severe housing cost burden and change in BMIz or WHZ between 
time 1 (T1) and time 2 (T2)⁰, 2011 and 2014 WIC Survey, (N=753) 
 Change in BMIz Change in WHZ 
Model 1 
b (SE) 
Model 2 
b (SE) 
Model 3 
b (SE) 
Model 1 
b (SE) 
Model 2 
b (SE) 
Model 3 
b (SE) 
Severe housing cost burden 
(Not severe housing cost burden, ref) 
.039 (.075) .041 (.075) .045 (.074) .027 (.065) .029 (.065) .032 (.065) 
Child’s age at T1 (yrs) .072 (.049) .070 (.049) .084 (.050) .070 (.043) .068 (.043) .080 (.043) 
Child’s gender (boy, ref) -.057 (.053) -.058 (.053) -.058 (.052) -.063 (.046) -.064 (.046) -.064 (.046) 
Child Non-Hispanic (Hispanic, ref) .007 (.092) .005 (.092) .017 (.091) .002 (.080) -.000 (.080) .010 (.079) 
Mother’s education 
(Some college, ref) 
      
Less than high school .069 (.065) .073 (.065) .065 (.065) .068 (.057) .072 (.057) .065 (.057) 
High school .012 (.066) .015 (.066) .015 (.066) .015 (.058) .018 (.057) .018 (.058) 
Household income  
(133-185+% FPL, ref) 
      
<50% FPL -.254 (.104)* -.246 (.104)* -.246 (.103)* -.193 (.091)* -.186 (.091)* -.186 (.090)* 
50-100% FPL -.262 (.098)** -.254 (.098)** -.257 (.097)** -.202 (.085)* -.195 (.085)* -.198 (.085)* 
100-133% FPL -.363 (.116)** -.360 (.116)** -.359 (.116)** -.285 (.101)** -.282 (.101)** -.282 (.101)** 
Measurement at T1 (BMIz or WHZ)  -.200 (.024)*** -.202(.024)*** -.200 (.024)*** -.264 (.021)*** -.265 (.021)*** -.264 (.021)*** 
Time between T1 and T2 (mo) .001 (.014) -.0001 (.0144) .002 (.014) -.007 (.013) -.007 (.013) -.006 (.013) 
Mother’s BMI (kg/m2) .018 (.004)*** .018 (.004)*** .017 (.004)*** .015 (0.004)*** .015 (0.004)*** .015 (.004)*** 
Survey year (2014, ref) -.011 (.054) -.014 (.054) .010 (.055) -.010 (.047) -.013 (.047) .008 (.048) 
Median household income  
(in $10,000) 
 .014 (.018)   .012 (.016)  
Screen time ≥ 2 hours (<2hrs, ref)   -.116 (.054)*   -.098 (.047)* 
F-test F (13,739) 
=6.84*** 
F (14,738) 
=6.39*** 
F (14,738) =6.72, 
*** 
F (13,739) 
=13.38*** 
F (14,738) 
=12.46*** 
F (14,738) 
=12.79*** 
R-sq .1074 .1082 .1130 .1905 .1912 .1953 
Adj R-sq .0917 .0913 .0962 .1763 .1758 .1800 
 p-value * < 0.05; ** < 0.01; *** < 0.001 
⁰T1 ≤ 6 months before survey and T2 ≥ 6 months after survey 
NH = Non-Hispanic; FPL= Federal Poverty Level 
Mother’s BMI based on self-report of height and weight 
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Analyses examining mother’s mental health, and child’s diet and screen time as mediators of 
severe housing cost burden and change in adiposity 
Even though severe housing cost burden was not observed to be significantly 
associated with change in BMIz (or WHZ), it could still have an effect on change in BMIz (or 
WHZ) solely through the mediators. Neighborhood median household income was excluded 
from the analyses since it was previously not found to be significant. There was no total effect 
nor direct effect of living in a severe housing cost-burdened household on change in BMIz, after 
adjusting for child’s age, gender, child’s Hispanic ethnicity, mother’s education, household 
income, BMIz measurement at T1, time between T1 and T2, mother’s BMI, and survey year 
(Table 6.6). To determine the indirect effect of severe housing cost burden on change in BMIz 
through mother’s depressive symptoms, the association of severe housing cost burden with 
mother’s depressive symptoms was examined as well as the association of mother’s depressive 
symptoms with change in BMIz controlling for severe housing cost burden. Compared to living 
in a household that was not severely housing-cost burdened, living in a severely housing cost-
burdened household was significantly associated with an increase of 0.527 in mother’s 
depressive symptoms (on the PHQ-2 index), after adjusting for the aforementioned covariates 
(a for mother’s depressive symptoms in Table 6.6). Adjusting for severe housing cost burden, a 
1-unit increase in the PHQ-2 index was associated with an increase of 0.004 in the change in 
BMIz, however, this was not statistically significant. From these two linear regression analyses, 
the indirect effect (95% CI) of severe housing cost burden on change in BMIz through mother’s 
depressive symptoms was .002 (-.018; .026). Since this effect was not statistically significant, 
mother’s depressive symptoms was not a mediator of the relationship between severe housing 
cost burden and change in BMIz. 
The indirect effect (95% CI) of severe housing cost burden on change in BMIz through 
child’s unhealthy diet, fruit and vegetable consumption, and screen time were also not 
statistically significant (Table 6.6). Therefore, they were not mediators of the relationship 
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between severe housing cost burden and change in BMIz. Similar results were found for change 
in WHZ.  
Discussion 
This study found that approximately 16% of WIC-participating preschool-aged children 
lived in households that were severely burdened with housing costs. Children living in these 
households were at greater risk of obesity than their counterparts living in households not 
severely burdened with housing costs. Households severely burdened with housing costs also 
tended to be exposed to more chronic stressors and to experience more instability than 
unburdened households. We did not find severe housing cost burden to be associated with 
change in adiposity, nor did we find child’s diet, sedentary behavior, or mother’s mental health 
to mediate the relationship. 
Two other studies have examined unaffordable housing and obesity. While these studies 
did not find a relationship between unaffordable housing and obesity, the studies were of 
different populations and used different unaffordable housing measures. Garasky et al. (2009) 
did not find that housing related stressors—an index that included spending >30% of income on 
housing, doubling up, sending child to live with someone else, and moving to cheaper 
housing—was significantly associated with overweight and obesity in children 5-17 years old in 
2002-2003 (Garasky et al. 2009). It is possible that examining unaffordable housing as part of 
an index masked its effect. Further, the children participating in this study were older and not 
from low-income households. The impact of unaffordable housing on obesity risk may be 
greater in the early years of life when the behavioral risk factors for obesity (namely diet and 
physical activity levels) are mostly determined by family factors. Additionally, behavioral and 
mental health effects of unaffordable housing on childhood obesity risk may be felt more keenly 
by low-income families whose resources are already stretched (Harkness and Newman 2005) 
and who face a greater threat of becoming homeless if they are not able to pay rent (Ma, Gee 
and Kushel 2008b).  
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Table 6.6. Mediating effect of parent’s depressive symptoms and child’s diet and screen time on the relationship between 
severe housing cost burden and change in BMIz or WHZ between time 1 (T1) and time 2 (T2)1, 2011 and 2014 WIC Survey 
(N=753) 
 Mother’s depressive 
symptoms (PHQ-2) 2 
Unhealthy food score3 Fruit and vegetable 
consumption4  
Screen time5 
 change in 
BMIz 
b(SE) 
change in 
WHZ 
b(SE) 
change in 
BMIz 
b(SE) 
change in WHZ 
b(SE) 
change in 
BMIz 
b(SE) 
change in 
WHZ 
b(SE) 
change in 
BMIz 
b(SE) 
change in 
WHZ 
b(SE) 
c6 .039 (.075) .027 (.065) .039 (.075) .027 (.065) .039 (.075) .027 (.065) .038 (.074) .026 (.065) 
c’7 .037 (.075) .025 (.066) .039 (.075) .027 (.065) .038 (.075) .025 (.065) .040 (.074) .028 (.065) 
a8 .527 
(.141)*** 
.529 
(.141)*** 
-.063 (.099) -.063 (.099) -.253 (.236) -.255 (.236) .100 (.151) .101 (.151) 
b7 .004 (.020) .005 (.017) .003 (.028) .003 (.024) -.005 (.012) -.007 (.010) -.027 (.018) -.020 (.016) 
         
Total effect 
(95% CI) 
.039  
(-.108; .185) 
.027  
(-.100; .154) 
.039  
(-.108; .185) 
.027  
(-.100; .154) 
.039  
(-.108; .185) 
.027  
(-.100; .154) 
.038  
(-.108; .183) 
.026  
(-.101; .153) 
Direct effect 
(95% CI) 
.037  
(-.111; .185) 
.025  
(-.104; .153) 
.039  
(-.108; .185) 
.027  
(-.100; .155) 
.038  
(-.109; .184) 
.025  
(-.103; .153) 
.040  
(-.105; .186) 
.028  
(-.099; .155) 
Indirect effect 
(95% CI)9 
.002  
(-.018; .026) 
.002  
(-.015; .024) 
-.0002  
(-.0085; .0053) 
-.0002  
(-.0088; .0039) 
.001  
(-.005; .016) 
.002  
(-.003; .016) 
-.003  
(-.021; .004) 
-.002  
(-.017; .003) 
 p-value * < 0.05; ** < 0.01; *** < 0.001 
aT1 ≤ 6 months before survey and T2 ≥ 6 months after survey 
b Mother’s frequency of experiencing anhedonia (i.e., no pleasure) and depressed mood in the last two weeks   
c Based on eating fast food (e.g., Burger King) at least once a week, drinking a SSB (e.g., sweetened milk and non-100% juice) at least once a day, and eating a 
sweet food (e.g., fruit bars and pop-tarts) at least once a day. 
dNumber of servings per day 
5Screen time includes television and video or computer games 
6Obtained from the OLS regression equation: Y = k1 + c X 
7Obtained from the OLS regression equation: Y = k2 + c’ X + bM 
8Obtained from the OLS regression equation M = k3 + aX 
6,7,8All models adjusted for child’s age, gender, child’s Hispanic ethnicity, mother’s education, household income, BMIz/WHZ measurement at time 1, time 
between T1 and T2, mother’s BMI, and survey year. 
9Bias-corrected bootstrap confidence intervals based on a 10,000 bootstrap sample and using Andrew Hayes’ process macro
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Pollack et al. (2010) also did not find an association between unaffordable housing and 
obesity, though their study was among adults. While the authors used a similar perceived 
affordability measure, they examined any housing that was perceived to be unaffordable and 
not just housing that was a severe cost burden (Pollack, Griffin and Lynch 2010). Housing cost 
burden may also have a greater impact on children than adults who might be able to weather 
effects better. Furthermore, the authors used self-reported height and weight to calculate BMI 
and not actual measures of height and weight. 
The lack of association between severe housing cost burden and change in adiposity 
could be because enough time did not occur between the two measurements for a change to 
actually take place. Children are growing steadily at that age (Tanner 1990) and more time may 
be needed to see a change in adiposity. It is also likely that the sample size was not large 
enough to detect a statistically significant change since only 15% of the children in our sample 
lived in severe housing-cost burdened households.  
We did not find child’s diet to be associated with severe housing cost burden or to be a 
mediator of the relationship between severe housing cost burden and change in adiposity. It is 
possible that the supplemental foods and fruit and vegetable voucher WIC provides its 
participants might make it easier for severe housing cost burdened households to maintain a 
certain quality for their children’s diet. Alternatively, it is possible that severe housing cost- 
burdened households are not spending less money on food. Although households living in 
unaffordable housing typically cut their food-related and medical-care related expenses 
(Harkness and Newman 2005, Joint Center for Housing Studies 2014), households may choose 
to cut other types of expenses such as utility bills, transportation, entertainment, and child care 
(Feeding America nd, Williams et al. 2004). Tabulations from the 2013 Consumer Expenditure 
Survey find that while the lowest income families spend the greatest percentage on housing 
(40%), they spend a smaller share on transportation (15%) and other expenses such as 
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entertainment and alcohol (21%). Hence, the amount that goes toward food (16%) is not 
affected (Blumenberg 2015).  
While the share of income going to food for the lowest income families is similar to 
higher income families, families in the lowest income quartile experiencing severe housing cost 
burden spend 17% of their income on food compared to 26% for their counterparts living in 
affordable housing (Joint Center for Housing Studies 2014). Hence, another reason could be 
that these low-income families do not have enough money to spend on food, whether it is 
unhealthy or not. On average, families in the U.S. in the lowest income quartile experiencing 
severe housing cost burden spend $208 on food a month compared to $343 for their 
counterparts living in affordable housing, and $298 for those in less severe forms of 
unaffordable housing (spending 30-50% of income on housing) (Joint Center for Housing 
Studies 2014). The small amount spent on food might explain why we found that children in our 
study living in the lowest income families were likely to experience a smaller increase in 
adiposity over time compared to their relatively higher income counterparts. 
Although screen time was not found to be a mediator of the relationship between 
unaffordable housing and change in adiposity, we did find two or more hours of screen time a 
day to be associated with a decreased change in adiposity. It could be that screen time does not 
influence children’s physical activity.  
While mothers living in severe housing cost burdened households were at greater risk of 
depression, we did not find it to be a mediator of the relationship between severe housing cost 
burden and change in adiposity. This could be due to the small sample size or to additional 
factors buffering the effect of mother’s depression. More than half of the children lived in 
households with 5 or more people. Some of these individuals may be adults who can act as 
caregivers for the child when the mother is depressed or they may provide the mother social 
support which can buffer feelings of stress and depression (Campos et al. 2014, Coburn et al. 
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2016, Cohen and Wills 1985). Additionally, the majority of the study population was Hispanic. 
Familism, where “close, supportive family relationships” are emphasized, tends to be higher 
among Hispanic families and it has been found to improve psychological health through 
increased social support (Campos et al. 2014).  
In contrast, household size was observed to moderate the relationship between severe 
housing cost burden and childhood obesity, with larger households increasing the effect of 
severe housing cost burden on childhood obesity. When housing becomes unaffordable to low-
income families, families are more likely to ‘double-up’ and this household crowding can add to 
the chaos and stress of the environment (Evans 2004, Leventhal and Newman 2010). The more 
people living in a household, the more likely it is to be chaotic (Evans 2004) and household 
chaos has been found to dysregulate the biological stress-response system in low-income 
young children (Lumeng et al. 2014). Furthermore, there is evidence to suggest that mothers 
living in crowded homes are not as responsive to their children (Evans et al. 2010).  
Housing tenure was not found to be a moderator of the relationship between severe 
housing cost burden and childhood obesity. Home ownership has been found to moderate the 
relationship between unaffordable housing and health, possibly because home ownership is 
associated with greater wealth (Herbert, McCue and Sanchez-Moyano 2013, Pollack, Griffin 
and Lynch 2010). Our lack of findings could be because of the small percentage of families 
owning homes. Additionally, though a greater share of households experiencing severe housing 
cost burden lived with parents and relatives, these households may reap the previously-
mentioned benefits from this situation that offset the chaos and stress of crowding such as 
informal child care and social support.  
Contrary to other studies (Chaparro, Wang and Whaley 2013, Grow et al. 2010, Kimbro 
and Denney 2013), we did not find neighborhood median household income to be associated 
with obesity or with change in adiposity. While some families may choose to pay more for 
housing so that they can live in better neighborhoods that may buffer the detrimental effect of 
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severe housing costs, Pollack et al. (2010) found that those who lived in unaffordable housing 
were more likely to live in worse neighborhoods. The lack of findings could be because of the 
lack of variation in this sample with many of the WIC families living in very similar 
neighborhoods. 
In addition to being the first study, to our knowledge, to examine the effect of severe 
housing cost burden on obesity among preschool-aged children, this study has additional 
strengths. We used validated measured height and weight data (Crespi et al. 2012). The study 
examined often-hypothesized, but infrequently studied mechanisms by which a chronic financial 
stressor can increase the risk of childhood obesity, namely child’s diet, sedentary behavior and 
mother’s mental well-being (Gundersen et al. 2011). Additionally, the effect size of severe 
housing cost burden on childhood obesity among low-income children might be underestimated 
since the study sample consists of WIC families who receive nutrition education, supplemental 
foods and a fruit and vegetable voucher. These could buffer the negative impact of unaffordable 
housing on risk of childhood obesity. 
This study has a few limitations related to measures. A perceived measure of 
unaffordable housing was used, however, it has not been validated. While the most extreme 
answer is considered to reflect severe housing cost burden it might instead reflect unaffordable 
housing. However, the measure may reflect burden more accurately since the extent of the 
burden is relative to a family’s actual income (Pollack, Griffin and Lynch 2010). Even though the 
WIC population is low-income, spending half of a family’s income on housing will have a greater 
impact on a very poor family compared to a family at 185% of the FPL. The question also does 
not define housing costs. It could encompass utility bills, property taxes, mortgage payments, 
etc. (Pollack, Griffin and Lynch 2010). Furthermore, the duration of severe housing cost burden 
is not known and duration of a stressor, whether it is acute or chronic, is important to determine 
the impact it has on parents and children. Is the experience of severe housing cost burden a 
one-time event and the family has the financial and/or social resources to get through the 
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difficulty? Or is it a continuous experience and the family no longer has the financial or social 
resources from which to draw?  
Child’s diet and screen time are reported by the parents who might under-report the 
unhealthy behaviors and over-report the healthy ones. The validity of some of the diet measures 
might be an issue as a few had low to moderate Spearman’s correlation coefficients and 
medium intra-class correlation coefficients (Koleilat and Whaley 2016). The screen time 
questions have not been validated. Issues with the validity of the mediators would attenuate the 
indirect effect (MacKinnon 2008). Neighborhood median household income is at the census 
tract level and census tract might not be an accurate representation of the family’s 
neighborhood.  
This study did not examine the other potential pathways by which unaffordable housing 
might increase the risk of childhood obesity, such as housing quality or sleep. Families living in 
unaffordable housing are more likely to live in poor quality homes that have toxins and pests 
(Bonnefoy 2007, Rauh, Landrigan and Claudio 2008). These can increase the likelihood that 
children develop asthma (Maheswaran et al. 2014, Rauh, Landrigan and Claudio 2008) and 
asthma is positively associated with childhood obesity (Beckett et al. 2001, Litonjua and Gold 
2008). Children who live in a stressful environment tend to have poor sleep which can increase 
the risk of childhood obesity (Skelton et al. 2011).  
While it is not possible to infer causality from the cross-sectional nature of the data, we 
ensured temporal precedence for the mediation analysis with change in adiposity by having the 
second measurement occur after the survey was conducted. Additionally, to examine the 
association of severe housing cost burden with obesity risk, obesity at a time point after the 
survey occurred was used. Although we controlled for potential confounders, it could be that a 
relationship between unaffordable housing and child obesity is due to a third variable such as 
genetics or another chronic stressor. Low-income families experience more chronic stressors 
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than other families and it could be an unmeasured stressor that accounts for the relationship 
between unaffordable housing and childhood obesity.  
This study focused on children aged 2-5 years. Findings may not be generalizable to 
children at other ages since there are critical periods in a child’s growth and development which 
might make them more vulnerable to chronic stressors. Furthermore, unaffordable housing 
might not be a chronic stressor among older children. Stressors that induce feelings of instability 
might be more important in children while interpersonal and academic stressors might be more 
important in adolescence (Garasky et al. 2009, Monroe 2008).  
 
Conclusion 
Findings highlight the importance of considering unaffordable housing as a risk factor for 
childhood obesity and advance our understanding of the mechanisms by which financial chronic 
stress increases the risk of childhood obesity. While future research should explore the 
behavioral, biologic and neighborhood mechanisms by which unaffordable housing influences 
the risk of obesity, our findings have implications for obesity prevention programs and the 
importance of identifying children most in need. Given the severe shortage of affordable housing 
units for low-income families in the United States, increasing the availability of affordable 
housing units for low-income populations already struggling to make ends meet should be 
considered in the fight against childhood obesity.  
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CHAPTER 7: Conclusion 
 
Results from these three chapters contribute to the literature on social determinants of 
health and childhood obesity and highlight the importance of both household- and 
neighborhood-level socioeconomic factors among low-income preschool-aged children.  
While obesity rates among low-income preschool-aged children have improved since 
2010-2011, increasing disparities suggest that the situation has worsened since the 2008-09 
economic recession. With widening income inequality, a concern and given the differences in 
childhood obesity found among these children by household income, every effort should be 
made to ensure that low-income families enroll in all applicable safety net programs for which 
they are qualified since even relatively little differences in income were found to protect against 
obesity risk. Additionally, every effort should be made to increase parents’ educational 
attainment given the striking differences in childhood obesity by household education. 
In identifying children at increased risk for obesity, the financial strain of unaffordable 
housing should be considered. Since affordable housing is difficult to come by for many 
struggling families in the United States (Joint Center for Housing Studies 2015), innovative 
programs and efforts to make housing more affordable for low-income populations should be 
explored. Future research should explore the mechanisms by which unaffordable housing 
increases early childhood obesity risk as well as the factors responsible for the widening 
disparities in obesity. 
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APPENDICES 
APPENDIX FOR CHAPTER 4  
Table A.1. Sample sizes by year and age 
 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 
2 years 69,070 65,849 64,145 62,685 62,353 66,893 77,685 53,695 50,842 58,273 61,092 57,322 
3 years 66,500 62,907 61,637 59,044 59,127 61,769 71,465 51,197 50,452 58,177 57,629 57,679 
4 years 50,947 51,355 50,154 47,256 47,069 49,146 57,708 40,284 40,544 47,802 47,670 45,345 
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Table A.2. Sample sizes by household income for each year and age, 2003-2014 
 2003 
N (%) 
2004 
N (%) 
2005 
N (%) 
2006 
N (%) 
2007 
N (%) 
2008 
N (%) 
2009 
N (%) 
2010 
N (%) 
2011 
N (%) 
2012 
N (%) 
2013 
N (%) 
2014 
N (%) 
2 years 69,070 65,849 64,145 62,685 62,353 66,893 77,685 53,695 50,842 58,273 61,092 57,322 
 ≤ 50% FPL 17,648 
(25.6) 
14,990 
(22.8) 
14,329 
(22.3) 
13,301 
(21.2) 
13,116 
(21.0) 
14,939 
(22.3) 
20,981 
(27.0) 
16,217 
(30.2) 
16,250 
(32.0) 
18,677 
(32.1) 
20,283 
(33.2) 
18,284 
(31.9) 
50.1 – 100.0% FPL 29,875 
(43.3) 
29,961 
(45.5) 
29,557 
(46.1) 
29,289 
(46.7) 
29,319 
(47.0) 
30,994 
(46.3) 
35,855 
(46.2) 
24,693 
(46.0) 
22,865 
(45.0) 
25,920 
(44.5) 
26,791 
(43.9) 
25,258 
(44.1) 
100.1 – 133.0% FPL 11,992 
(17.4) 
11,765 
(17.9) 
11,474 
(17.9) 
11,487 
(18.3) 
11,309 
(18.1) 
11,872 
(17.8) 
12,043 
(15.5) 
7,348 
(13.7) 
6,672 
(13.1) 
7,947 
(13.6) 
8,216 
(13.5) 
8,146 
(14.2) 
133.1 – 185.0% FPL 9,555 
(13.8) 
9,133 
(13.9) 
8,785 
(13.7) 
8,608 
(13.7) 
8,609 
(13.8) 
9,088 
(13.6) 
8,806 
(11.3) 
5,437 
(10.1) 
5,055 
(9.9) 
5,729 
(9.8) 
5,802 
(9.5) 
5,634 
(9.8) 
             
3 years 66,500 62,907 61,637 59,044 59,127 61,769 71,465 51,197 50,452 58,177 57,629 57,679 
 ≤ 50% FPL 17,012 
(25.6) 
14,596 
(23.2) 
13,749 
(22.3) 
12,311 
(20.9) 
12,382 
(20.9) 
13,533 
(21.9) 
18,752 
(26.2) 
14,740 
(28.8) 
15,370 
(30.5) 
18,349 
(31.5) 
18,385 
(31.9) 
18,022 
(31.3) 
50.1 – 100.0% FPL 28,853 
(43.4) 
28,694 
(45.6) 
28,404 
(46.1) 
27,657 
(46.8) 
28,075 
(47.5) 
28,929 
(46.8) 
33,444 
(46.8) 
24,008 
(46.9) 
23,400 
(46.4) 
26,742 
(46.0) 
26,158 
(45.4) 
26,039 
(45.1) 
100.1 – 133.0% FPL 11,552 
(17.4) 
11,094 
(17.6) 
10,910 
(17.7) 
10,748 
(18.2) 
10,725 
(18.1) 
10,966 
(17.8) 
11,252 
(15.7) 
7,203 
(14.1) 
6,626 
(13.1) 
7,591 
(13.1) 
7,717 
(13.4) 
8,143 
(14.1) 
133.1 – 185.0% FPL 9,083 
(13.7) 
8,523 
(13.6) 
8,574 
(13.9) 
8,328 
(14.1) 
7,945 
(13.4) 
8,341 
(13.5) 
8,017 
(11.2) 
5,246 
(10.3) 
5,056 
(10.0) 
5,495 
(9.5) 
5,369 
(9.3) 
5,475 
(9.5) 
             
4 years 50,947 51,355 50,154 47,256 47,069 49,146 57,708 40,284 40,544 47,802 47,670 45,345 
 ≤ 50% FPL 13,057 
(25.6) 
11,923 
(23.3) 
11,226 
(22.4) 
9,910 
(21.0) 
9,621 
(20.4) 
10,689 
(21.8) 
14,822 
(25.7) 
11,529 
(28.6) 
12,194 
(30.1) 
14,393 
(30.1) 
14,785 
(31.0) 
13,795 
(30.4) 
50.1 – 100.0% FPL 22,300 
(43.8) 
23,376 
(45.5) 
23,243 
(46.3) 
22,496 
(47.6) 
22,406 
(47.6) 
23,229 
(47.3) 
27,414 
(47.5) 
19,296 
(47.9) 
19,042 
(47.0) 
22,489 
(47.1) 
22,552 
(47.3) 
21,056 
(46.4) 
100.1 – 133.0% FPL 8,752 
(17.2) 
9,029 
(17.6) 
8,977 
(17.9) 
8,446 
(17.9) 
8,645 
(18.4) 
8,744 
(17.8) 
9,107 
(15.8) 
5,593 
(13.9) 
5,329 
(13.1) 
6,294 
(13.2) 
6,251 
(13.1) 
6,307 
(13.9) 
133.1 – 185.0% FPL 6,838 
(13.4) 
7,002 
(13.6) 
6,708 
(13.4) 
6,404 
(13.6) 
6,397 
(13.6) 
6,484 
(13.2) 
6,365 
(11.0) 
3,866 
(9.6) 
3,979 
(9.8) 
4,626 
(9.7) 
4,082 
(8.6) 
4,187 
(9.2) 
FPL=Federal Poverty Level 
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Table A.3. Sample sizes by household education for each year and age, 2003-2014 
 2003 
N (%) 
2004 
N (%) 
2005 
N (%) 
2006 
N (%) 
2007 
N (%) 
2008 
N (%) 
2009 
N (%) 
2010 
N (%) 
2011 
N (%) 
2012 
N (%) 
2013 
N (%) 
2014 
N (%) 
2 years 69,070 65,849 64,145 62,685 62,353 66,893 77,685 53,695 50,842 58,273 61,092 57,322 
< high school 41,744 
(60.4) 
39,409 
(59.9) 
37,766 
(58.9) 
36,512 
(58.3) 
36,072 
(57.9) 
38,249 
(57.2) 
42,763 
(55.1) 
28,180 
(52.5) 
26,021 
(51.2) 
28,449 
(48.8) 
28,572 
(46.8) 
26,381 
(46.0) 
High school  20,024 
(29.0) 
19,461 
(29.6) 
19,371 
(30.2) 
19,216 
(30.7) 
19,430 
(31.2) 
20,996 
(31.4) 
25,462 
(32.8) 
18,608 
(34.7) 
17,891 
(35.2) 
21,255 
(36.5) 
22,766 
(37.3) 
21,421 
(37.4) 
Some college 5,684 
(8.2) 
5,367 
(8.2) 
5,300 
(8.3) 
5,291 
(8.4) 
5,189 
(8.3) 
5,822 
(8.7) 
7,269 
(9.4) 
5,287 
(9.9) 
5,191 
(10.2) 
6,164 
(10.6) 
6,960 
(11.4) 
6,686 
(11.7) 
    College or more 1,618 
(2.3) 
1,612 
(2.5) 
1,708 
(2.7) 
1,666 
(2.7) 
1,662 
(2.7) 
1,826 
(2.7) 
2,191 
(2.8) 
1,620 
(3.0) 
1,739 
(3.4) 
2,405 
(4.1) 
2,794 
(4.6) 
2,834 
(4.9) 
             
3 years 66,500 62,907 61,637 59,044 59,127 61,769 71,465 51,197 50,452 58,177 57,629 57,679 
< high school 41,171 
(61.9) 
38,515 
(61.2) 
37,208 
(60.4) 
35,145 
(59.5) 
34,802 
(58.9) 
35,597 
(57.6) 
40,101 
(56.1) 
27,823 
(54.3) 
26,306 
(52.1) 
29,685 
(51.0) 
27,907 
(48.4) 
27,281 
(47.3) 
High school  18,705 
(28.1) 
18,100 
(28.8) 
18,123 
(29.4) 
17,660
(29.9)  
17,997 
(30.4) 
19,392 
(31.4) 
23,139 
(32.4) 
17,072 
(33.4) 
17,525 
(34.7) 
20,598 
(35.4) 
21,148 
(36.7) 
21,387 
(37.1) 
Some college 5,171 
(7.8) 
4,947 
(7.9) 
4,851 
(7.9) 
4,757 
(8.1) 
4,850 
(8.2) 
5,187 
(8.4) 
6,242 
(8.7) 
4,808 
(9.4) 
4,981 
(9.9) 
5,714 
(9.8) 
6,137 
(10.7) 
6,373 
(11.1) 
    College or more 1,453 
(2.2) 
1,345 
(2.2) 
1,455 
(2.4) 
1,482 
(2.5) 
1,478 
(2.5) 
1,593 
(2.6) 
1,983 
(2.8) 
1,494 
(2.9) 
1,640 
(3.3) 
2,180 
(3.8) 
2,437 
(4.2) 
2,638 
(4.6) 
             
4 years 50,947 51,355 50,154 47,256 47,069 49,146 57,708 40,284 40,544 47,802 47,670 45,345 
< high school 31,810 
(62.4) 
31,798 
(61.9) 
31,091 
(62.0) 
28,632 
(60.6) 
28,407 
(60.4) 
28,898 
(58.8) 
32,961 
(57.1) 
22,519 
(55.9) 
21,732 
(53.6) 
24,905 
(52.1) 
24,603 
(51.6) 
22,461 
(49.5) 
High school  14,207 
(27.9) 
14,432 
(28.1) 
14,207 
(28.3) 
13,952 
(29.5) 
13,840 
(29.4) 
15,037 
(30.6) 
18,302 
(31.7) 
13,101 
(32.5) 
13,644 
(33.7) 
16,460 
(34.4) 
16,570 
(34.8) 
16362 
(36.1) 
Some college 3,906 
(7.7) 
4,042 
(7.9) 
3,788 
(7.6) 
3,588 
(7.6) 
3,673 
(7.8) 
4,025 
(8.2) 
4,899 
(8.5) 
3,544 
(8.8) 
3,899 
(9.6) 
4,601 
(9.6) 
4,649 
(9.8) 
4,623 
(10.2) 
    College or more 1,024 
(2.0) 
1,083 
(2.1) 
1,068 
(2.1) 
1,084 
(2.3) 
1,149 
(2.4) 
1,186 
(2.4) 
1,546 
(2.7) 
1,120 
(2.8) 
1,269 
(3.1) 
1,836 
(3.8) 
1,848 
(3.9) 
1,899 
(4.2) 
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Table A.4. Sample sizes by neighborhood median income for each year and age, 2003-2014 
 2003 
N (%) 
2004 
N (%) 
2005 
N (%) 
2006 
N (%) 
2007 
N (%) 
2008 
N (%) 
2009 
N (%) 
2010 
N (%) 
2011 
N (%) 
2012 
N (%) 
2013 
N (%) 
2014 
N (%) 
2 years 69,070 65,849 64,145 62,685 62,353 66,893 77,685 53,695 50,842 58,273 61,092 57,322 
≤ $ 32,738 17,173 
(24.9) 
16,368 
(24.9) 
16,037 
(25.0) 
15,369 
(24.5) 
15,233 
(24.4) 
16,309 
(24.4) 
18,625 
(24.0) 
14,144 
(26.3) 
13,614 
(26.8) 
14,862 
(25.5) 
15,162 
(24.8) 
14,236 
(24.8) 
$32,739 - 40,278 18,358 
(26.6) 
17,238 
(26.2) 
16,600 
(25.9) 
16,221 
(25.9) 
15,917 
(25.5) 
16,935 
(25.3) 
19,720 
(25.4) 
12,479 
(23.2) 
11,768 
(23.2) 
13,533 
(23.2) 
14,117 
(23.1) 
13,222 
(23.1) 
$40,279 - 51,534 17,408 
(25.2) 
16,638 
(25.3) 
16,260 
(25.4) 
15,902 
(25.4) 
15,861 
(25.4) 
16,847 
(25.2) 
19,612 
(25.3) 
12,916 
(24.1) 
12,097 
(23.8) 
14,057 
(24.1) 
15,228 
(24.9) 
14,288 
(24.9) 
≥ $51,535 16,131 
(23.4) 
15,605 
(23.7) 
15,248 
(23.8) 
15,193 
(24.2) 
15,342 
(24.6) 
16,802 
(25.1) 
19,728 
(25.4) 
14,156 
(26.4) 
13,363 
(26.3) 
15,821 
(27.2) 
16,585 
(27.2) 
15,576 
(27.2) 
             
3 years 66,500 62,907 61,637 59,044 59,127 61,769 71,465 51,197 50,452 58,177 57,629 57,679 
≤ $ 32,738 16,774 
(25.2) 
15,765 
(25.1) 
15,533 
(25.2) 
14,565 
(24.7) 
14,356 
(24.3) 
15,088 
(24.4) 
17,357 
(24.3) 
13,669 
(26.7) 
13,375 
(26.5) 
14,981 
(25.8) 
14,641 
(25.4) 
14,323 
(24.8) 
$32,739 - 40,278 17,464 
(26.3) 
16,607 
(26.4) 
16,203 
(26.3) 
15,304 
(25.9) 
15,302 
(25.9) 
15,886 
(25.7) 
18,039 
(25.2) 
11,945 
(23.3) 
11,876 
(23.5) 
13,601 
(23.4) 
13,554 
(23.5) 
13,570 
(23.5) 
$40,279 - 51,534 16,922 
(25.5) 
15,796 
(25.1) 
15,476 
(25.1) 
15,118 
(25.6) 
14,979 
(25.3) 
15,739 
(25.5) 
17,970 
(25.2) 
12,302 
(24.0) 
12,170 
(24.1) 
14,252 
(24.5) 
14,104 
(24.5) 
14,425 
(25.0) 
≥ $51,535 15,340 
(23.1) 
14,739 
(23.4) 
14,425 
(23.4) 
14,057 
(23.8) 
14,490 
(24.5) 
15,056 
(24.4) 
18,099 
(25.3) 
13,281 
(25.9) 
13,031 
(25.8) 
15,343 
(26.4) 
15,330 
(26.6) 
15,361 
(26.6) 
             
4 years 50,947 51,355 50,154 47,256 47,069 49,146 57,708 40,284 40,544 47,802 47,670 45,345 
≤ $ 32,738 12,697 
(24.9) 
12,867 
(25.1) 
12,492 
(24.9) 
11,722 
(24.8) 
11,519 
(24.5) 
12,010 
(24.4) 
13,950 
(24.2) 
10,612 
(26.3) 
10,870 
(26.8) 
12,147 
(25.4) 
12,154 
(25.5) 
11,632 
(25.7) 
$32,739 - 40,278 13,536 
(26.6) 
13,557 
(26.4) 
13,211 
(26.3) 
12,288 
(26.0) 
12,073 
(25.7) 
12,610 
(25.7) 
14,801 
(25.7) 
9,495 
(23.6) 
9,590 
(23.7) 
11,299 
(23.6) 
11,386 
(23.9) 
10,667 
(23.5) 
$40,279 - 51,534 13,068 
(25.7) 
13,205 
(25.7) 
12,712 
(25.4) 
12,038 
(25.5) 
12,000 
(25.5) 
12,525 
(25.5) 
14,631 
(25.4) 
9,728 
(24.2) 
9,710 
(24.0) 
11,875 
(24.8) 
11,877 
(24.9) 
11,240 
(24.8) 
≥ $51,535 11,646 
(22.9) 
11,726 
(22.8) 
11,739 
(23.4) 
11,208 
(23.7) 
11,477 
(24.4) 
12,001 
(24.4) 
14,326 
(24.8) 
10,449 
(25.9) 
10,374 
(25.6) 
12,481 
(26.1) 
12,253 
(25.7) 
11,806 
(26.0) 
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Table A.5. Sample sizes by neighborhood unaffordable housing for each year and age, 2003-2014 
 2003 
N (%) 
2004 
N (%) 
2005 
N (%) 
2006 
N (%) 
2007 
N (%) 
2008 
N (%) 
2009 
N (%) 
2010 
N (%) 
2011 
N (%) 
2012 
N (%) 
2013 
N (%) 
2014 
N (%) 
2 years 69,070 65,849 64,145 62,685 62,353 66,893 77,685 53,695 50,842 58,273 61,092 57,322 
≤ 40.0% 2,925 
(4.2) 
2,530 
(3.8) 
2,631 
(4.1) 
2,601 
(4.2) 
2,618 
(4.2) 
2,869 
(4.3) 
3,384 
(4.4) 
2,339 
(4.4) 
2,270 
(4.5) 
2,641 
(4.5) 
2,871 
(4.7) 
2,620 
(4.6) 
40.1-55.0% 28,331 
(41.0) 
27,162 
(41.3) 
26,389 
(41.1) 
26,081 
(41.6) 
25,560 
(41.0) 
27,400 
(41.0) 
32,204 
(41.5) 
18,325 
(34.1) 
17,378 
(34.2) 
20,052 
(34.4) 
21,124 
(34.6) 
20,047 
(35.0) 
55.1-70.0% 34,406 
(49.8) 
32,773 
(49.8) 
31,856 
(49.7) 
30,825 
(49.2) 
30,869 
(49.5) 
33,058 
(49.4) 
38,046 
(49.0) 
27,377 
(51.0) 
25,880 
(50.9) 
29,334 
(50.3) 
30,630 
(50.1) 
28,527 
(49.8) 
≥70.1% 3,408 
(4.9) 
3,384 
(5.1) 
3,269 
(5.1) 
3,178 
(5.1) 
3,306 
(5.3) 
3,566 
(5.3) 
4,051 
(5.2) 
5,654 
(10.5) 
5,314 
(10.5) 
6,246 
(10.7) 
6,467 
(10.6) 
6,128 
(10.7) 
             
3 years 66,500 62,907 61,637 59,044 59,127 61,769 71,465 51,197 50,452 58,177 57,629 57,679 
≤ 40.0% 2,578 
(3.9) 
2,573 
(4.1) 
2,377 
(3.9) 
2,406 
(4.1) 
2,456 
(4.2) 
2,588 
(4.2) 
3,063 
(4.3) 
2,172 
(4.2) 
2,153 
(4.3) 
2,504 
(4.3) 
2,634 
(4.6) 
2,625 
(4.6) 
40.1-55.0% 27,358 
(41.1) 
25,848 
(41.1) 
25,455 
(41.3) 
24,398 
(41.3) 
24,365 
(41.2) 
25,216 
(40.8) 
29,571 
(41.4) 
17,388 
(34.0) 
17,174 
(34.0) 
19,803 
(34.0) 
19,678 
(34.2)  
19,755 
(34.3) 
55.1-70.0% 33,187 
(49.9) 
31,271 
(49.7) 
30,530 
(49.5) 
29,263 
(49.6) 
29,189 
(49.4) 
30,692 
(49.7) 
35,066 
(49.1) 
26,133 
(51.0) 
25,814 
(51.2) 
29,648 
(51.0) 
29,070 
(50.4) 
29,121 
(50.5) 
≥70.1% 3,377 
(5.1) 
3,215 
(5.1) 
3,275 
(5.3) 
2,977 
(5.0) 
3,117 
(5.3) 
3,273 
(5.3) 
3,765 
(5.3) 
5,504 
(10.8) 
5,311 
(10.5) 
6,222 
(10.7) 
6,247 
(10.8) 
6,178 
(10.7) 
             
4 years 50,947 51,355 50,154 47,256 47,069 49,146 57,708 40,284 40,544 47,802 47,670 45,345 
≤ 40.0% 2,038 
(4.0) 
2,020 
(3.9) 
2,012 
(4.0) 
1,795 
(3.8) 
1,952 
(4.2) 
2,030 
(4.1) 
2,481 
(4.3) 
1,667 
(4.1) 
1,688 
(4.2) 
2,050 
(4.3) 
1,988 
(4.2) 
2,022 
(4.5) 
40.1-55.0% 20,992 
(41.2) 
21,031 
(41.0) 
20,550 
(41.0) 
19,652 
(41.6) 
19,218 
(40.8) 
20,279 
(41.3) 
23,866 
(41.4) 
13,587 
(33.7) 
13,755 
(33.9) 
16,233 
(34.0) 
16,197 
(34.0) 
15,327 
(33.8) 
55.1-70.0% 25,302 
(49.7) 
25,698 
(50.0) 
25,058 
(50.0) 
23,290 
(49.3) 
23,479 
(49.9) 
24,179 
(49.2) 
28,372 
(49.2) 
20,822 
(51.7) 
20,840 
(51.4) 
24,435 
(51.1) 
24,428 
(51.2) 
23,088 
(50.9) 
≥70.1% 2,615 
(5.1) 
2,606 
(5.1) 
2,534 
(5.1) 
2,519 
(5.3) 
2,420 
(5.1) 
2,658 
(5.4) 
2,989 
(5.2) 
4,208 
(10.5) 
4,261 
(10.5) 
5,084 
(10.6) 
5,057 
(10.6) 
4,908 
(10.8) 
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APPENDIX FOR CHAPTER 5 
Table B1. Multiple logistic regression analyses for obesity and household education for WIC children in Los Angeles 
County† across all three age groups  
 2-year-old children 
N=605,326 
3-year-old children 
N=584,349 
4-year-old children 
N=468,426 
Model 1 
b(SE) 
Model 2 
b(SE) 
Model 1 
b(SE) 
Model 2 
b(SE) 
Model 1 
b(SE) 
Model 2 
b(SE) 
Education 
(College or more, Ref) 
      
Less than high school 0.318 (0.024) *** c 0.263 (0.036)***c 0.225(0.023)***c  0.173 (0.035)***c 0.178 (0.025)***c  0.103 (0.038)**c 
High school 0.277 (0.024) *** 0.233 (0.037)*** 0.171(0.023)***  0.123 (0.036)*** 0.124 (0.025)*** 0.055 (0.039) 
Some college 0.192 (0.026) *** 0.166 (0.040)*** 0.135 (0.025)*** 0.126 (0.038)** 0.089 (0.027)** 0.021 (0.042) 
2010-14 time period  
(2003-07, Ref) 
0.068 (0.007) *** -0.013 (0.046) 0.056 (0.007)*** -0.020 (0.044) 0.026 (0.007)*** -0.093 (0.048) 
Education x 2010-14 
time period 
(College or more in 
2003-07, Ref) 
      
Less than high school, 
2010-14 
 0.095 (0.047)*a  0.088 (0.045) b  0.125 (0.049) * 
High school, 2010-14  0.074 (0.048)  0.079 (0.046)  0.115 (0.050) * 
Some college, 2010-14  0.039 (0.052)  0.009 (0.050)  0.113 (0.023) * 
†All models adjusted for child’s gender and caregiver’s race/ethnicity 
FPL = Federal poverty level; Ref=reference group. 
t-statistic significant at * p < 0.05; ** p < 0.01; *** p < 0.001 
Wald chi-square significant at a p < 0.05; b p< 0.01; c < 0.001 
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Table B2. Multiple logistic regression analyses for obesity and neighborhood unaffordable housing for WIC children in Los 
Angeles County† across all three age groups 
 2-year-old children 
N=605,326 
3-year-old children 
N=584,349 
4-year-old children 
N=468,426 
Model 1 
b(SE) 
Model 2 
b(SE) 
Model 1 
b (SE) 
Model 2  
b (SE) 
Model 1 
b(SE) 
Model 2 
b(SE) 
Neighborhood 
unaffordable housing⁰ 
(≤ 40.0%, Ref) 
      
≥ 70.1% 0.146 (0.022)*** c 0.134 (0.033)*** c 0.140 (0.021)*** c 0.133 (0.032)*** c  0.140 (0.023)*** c  0.105 (0.034)** c 
55.1-70.0% 0.116 (0.018)*** 0.123 (0.026)***  0.114 (0.018)*** 0.114 (0.025)***  0.113 (0.020)***  0.108 (0.027)*** 
40.1-55.0% 0.067 (0.019)*** 0.087 (0.026)*** 0.056 (0.018)** 0.066 (0.025)** 0.065 (0.020)**  0.068 (0.028) * 
2010-14 time period  
(2003-07, Ref) 
0.053 (0.007)*** 0.076 (0.035) * 0.042 (0.007)*** 0.050 (0.034) 0.013 (0.007)  0.008 (0.038) 
Neighborhood 
unaffordable housing x 
2010-14 time period 
(≤ 40.0% in 2003-07, 
Ref) 
      
40.1-55.0%, 2010-14  -0.044 (0.037)  -0.021 (0.036)  -0.009 (0.039) 
55.1-70.0%, 2010-14  -0.014 (0.037)  -0.001 (0.036)  -0.009 (0.039) 
≥ 70.1%, 2010-14  0.013 (0.044)  0.010 (0.042)  0.055 (0.046) 
†All models adjusted for child’s gender and caregiver’s race/ethnicity 
⁰percent of residents spending > 30% of their household income on housing costs 
FPL = Federal poverty level; Ref=reference group. 
t-statistic significant at * p < 0.05; ** p < 0.01; *** p < 0.001 
Wald chi-square significant at a p < 0.05; b p< 0.01; c < 0.001 
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APPENDIX FOR CHAPTER 6 
Table C1. Variables and how they were defined for analytical purposes 
Variable Operational definition/how expressed 
Dependent Variables 
Obesity status  Binary  
Change in BMIz  Change in body mass index z-score (BMIz) (continuous) 
Change in WHZ  Change in weight-for-height z-score (WHZ) (continuous) 
Main Independent Variable 
Severe housing cost burden  Perceived difficulty in paying for housing (binary) 
Mediators 
Fruit and vegetable 
consumption 
 Number of servings of fruits & vegetables on an average day 
(continuous)  
Unhealthy food score  Score based on consuming fast food ≥ 1 week, SSB ≥ 1 day, and 
sweetened foods ≥ 1 day  
Screen time  Total hours of TV and video and computer games a day 
(continuous) 
Mother’s depression  Patient Health Questionnaire-2 (PHQ-2) 2-item depression screener 
(continuous) 
 Binary measure 
Covariates 
Child’s age  Months (continuous) 
Child’s gender  Girl/boy (binary) 
Child’s race/ethnicity  NH White, NH Black, Hispanic, Asian (categorical) 
Child’s baseline BMIz/WHZ  Calculated from annual height and weight measurements, derived 
from CDC’s gender- and age-specific growth reference values 
(continuous) 
Mother’s BMI  Calculated from mother’s reported height and weight (continuous) 
Mother’s education  Highest grade completed of mother [<high school, high school, some 
college, college or more] (categorical) 
Household income  Household income as %FPL (continuous) 
Neighborhood median 
household income 
 5-year estimate of median household income of the child’s census 
tract (continuous) 
Year of survey  2011/2014 (binary) 
Potential confounders and moderators 
Food insecurity  USDA’s 6-item food insecurity measure [high/marginal, low, and very 
low food security] (categorical) 
Housing tenure  Respondent housing status [in a home owned by parents or relatives, 
in an apartment or home owned by respondent, in an apartment or 
home rented by respondent, other] (categorical) 
Household size  Number of people living in household (continuous) 
FPL= Federal Poverty Level  
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Table C2. Questions in the WIC Survey of relevant variables 
 
  
 Question Response 
categories or units 
DIET 
Fast food 
frequency 
How often does NAME eat any food including 
meals and snacks from a fast food restaurant, like 
McDonald’s, Taco Bell, Burger King, Kentucky Fried 
Chicken, or another similar place? 
1= 4+ times/wk 
2 = 1-3 times/wk 
3 = Less than once a 
week but at 
least once a 
month 
4 = Less than once a 
month 
5= Never 
# of fruit servings 
per day 
On an average day, about how many servings of 
fruits does NAME eat? 
Number fruits per 
day 
# of vegetable 
servings per day 
On an average day, about how many servings of 
vegetables does NAME eat? 
Number vegetables 
per day 
100% fruit juice 
intake 
 
On an average day, how many times does NAME 
drink 100% fruit juice? 
Number times per 
day 
Sweetened milk On an average day, how many times does NAME 
drink chocolate milk or sweetened milk? 
Number times per 
day 
Non-100% juice 
intake 
 
On an average day, how many other fruit juice 
drinks that are not 100% juice, such as Sunny 
Delight, Capri Sun, or lemonade does NAME drink? 
Number drinks per 
day 
98= Some but less 
than 1 full serving 
Sweetened drink 
intake 
 
On an average day, about how many sweetened 
drinks such as Gatorade, Kool aid, or Red Bull does 
NAME drink? 
Number drinks per 
day 
98= Some but less 
than 1 full serving 
Diet soda intake 
 
On an average day, about how many diet sodas 
such as Diet Coke or Diet Mountain Dew, does 
NAME drink? 
Number drinks per 
day 
98= Some but less 
than 1 full serving 
Soda intake 
 
On an average day, about how many regular sodas 
such as Coke or Mountain Dew, does NAME drink? 
Do not include diet sodas or sugar-free drinks. 
Number drinks per 
day 
98= Some but less 
than 1 full serving 
Sweets/sweetened 
food intake 
 
On an average day, how many times does NAME 
eat sweets or sweetened foods, such as sweetened 
cereals, fruit bars, pop tarts, donuts, cookies and 
candies? 
Number sweets per 
day 
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 Question Response categories 
or units 
Mother’s depressive symptoms 
No pleasure Think about the past two weeks, how often have you 
been bothered by having little interest or pleasure in doing 
things? 
1= Not at all 
2 = Several days 
3 = More than half 
the days 
4 = Nearly everyday 
Depressed Think about the past two weeks, how often have you 
been bothered by feeling down, depressed or 
hopeless? 
 
1= Not at all 
2 = Several days 
3 = More than half 
the days 
4 = Nearly everyday 
Food insecurity 
Food didn’t last 
 
“The food that we bought just didn’t last, and we 
didn’t have money to get more.” Was that often, 
sometimes or never true for your household in the last 
12 months? 
1= Often 
2 = Sometimes 
3 = Never 
Balanced meals 
 
“We couldn’t afford to eat balanced meals.” Was that 
often, sometimes or never true for your household in 
the last 12 months? 
1= Often 
2 = Sometimes 
3 = Never 
Cut meals 
 
In the last 12 months, that is since last 
(April/May/June), did you or other adults in your 
household ever cut the size of your meals or skip meals 
because there wasn’t enough money for food? 
1= Yes 
2 = No 
 
Frequency cut 
meals 
 
If yes: How often did this happen – almost every 
month, some months but not every month or in only 1 
or 2 months? 
1= Almost every 
month 
2 = Some months, 
not every 
3 = Only 1 or 2 
months 
Not enough 
money  
 
In the last 12 months, did you ever eat less than you 
felt you should because there wasn’t enough money 
for food? 
1= Yes 
2 = No 
 
Hungry 
 
In the last 12 months, were you ever hungry but didn’t 
eat because there wasn’t enough money for food? 
1= Yes 
2 = No 
Sedentary Behavior 
TV in a day On an average day, how many hours does NAME 
watch television? Only include time when (he) (she) is 
sitting and watching TV. Just your best estimate. 
Number of hours 
0= less than 1 hour 
Video/computer 
games 
On an average day, how many hours does NAME play 
video or computer games? Just your best estimate. 
Number of hours 
0= less than 1 hour 
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 Questions Response categories or 
units 
Housing 
Housing tenure Which of the following best describes where 
you currently live – in a home owned by your 
parents or relatives, in an apartment or home 
that you own, or in an apartment or home that 
you rent?  
1 = Parents/relative’s home 
2 = Home they own 
3 = Renter 
4 = Other 
 
Finding housing How easy or difficult is it for you to find housing 
– very difficult, somewhat difficult, somewhat 
easy or very easy?  
1 = Very difficult 
2 = Somewhat difficult 
3 = Somewhat easy 
4 = Very easy 
Paying for housing How easy or difficult is it for you to pay for 
housing – very difficult, somewhat difficult, 
somewhat easy or very easy?  
 
1 = Very difficult 
2 = Somewhat difficult 
3 = Somewhat easy 
4 = Very easy 
5 = Not applicable (don’t 
pay) 
Residential 
mobility 
In the past three years, how many different 
places have you lived, including your current 
residence?  
Number of different places 
Household size Including yourself, how many people currently 
live in your household? 
Number of people 
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